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PEEFAdE 


In I.Ijo spring; of 1S80, when tcclniical education "was 
))eginmng seriously to occupy attention in this country, I 
was requested hy the Council of the Bradford Technical 
College, then recently founded, to deliver a series of lectures 
on tile “Structure of the Cotton Fibre in its relation to 
Technical Applications,” and these were given in the large 
^ lecture theatre of the Bradford Mechanics’ Institute, as the 
buildings of the Technical College were not completed. 
These lectures were printed in a volume issued by myself 
in 1881, and followed by a second edition in 1882. 

In 1884 I delivered a similar course of lectures on the 
‘^Structure of the Wool Fibi’e. in its relation to Technical 
Afiplications,” which were delivered in Bradford, Hudders¬ 
field, and afterwards in a r^iimS at Nottingham University 
College, and published in the spring of 1885. Both these 
books half a largo sale, and were accepted as the standard 
works on the subject, alike in this country, America, and 
oif the Continent. They were, I believe, with the exception 
of a few (fetached papers published in scientifie journals, 
the first serious attempt to place our knowledge of these 
^bres upon a thoroughly scientific basis. 


V 



Vi COTTON FIBRE 

WhoD, in 1886', I was selected by the Royal Commission 
of the Indian and Colonia) Exhibition to report on the 
wools there exhibited, I had the opportunity of examining 
probably the finest collection of wools which had up to 
that time been gathered together, and made c-vt'-nsii e notes 
for future reference. 

The books above named have long been out of print, 
and although many works have since appeared dealing 
with the same subject, my, work and icsults hate been 
largely embodied in them all, cither acknowledged or 
unacknowledged, and the sketches of the fibres which 1 
made have been univer-sally accepted as authoiitative. 

I have had many re(|uests, and especially within the 
last twelve months, to revise them and bring them up 
to date. ]‘'ortunately, during the time since they wore 
published I have made a large number of oxj)eriments and 
observations and sketches, and when the jraent publishers 
accepted my offer to write for them ;i monograph on the 
subject, to be included in this scries of their technological 
handbooks, I felt the opportunity was not to be neglected. 
The present volume will, therefore, form the first of thfte 
books on “ the cotton, wool, silk, and other allied fibres in 
their relation to technic<al applications,” which will follow in 
succession as early as possible. 

These works yill, so far as I can make them, cover the 
whole ground, and in relation to the cotton fibre “it 
may also be stated that the researches which” have been 
made into the relations and changes of cellulose, which 
forms its basis, have greatly widened the scope of the* 
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inquiry, and now very important and inci%asing industries 
have been founded >!pon thera._ 

X'lie opinions which I formed in 1880, and which were 
embodied in my books, have remained unchanged, except 
in repaid tj( tl\o exact method of development of the 
cotton fibre in its carfj state, as being multi-cellular lather 
than uni cellular; but all my recent researches, which were 
made and repeated shortly after the isstie of my book, 
have confirmed the opinion that the fibre is a continuous 
growth of one cell. With ihis exception I have been able 
to draw largely on the materials which I had then 
collected, and the sketches made at that time of the organs 
and sections of the cotton flower and pod or boll are 
practically the same as those recently obtained by photo¬ 
graphic means. I hesitated for some time before deciding 
whether the illustrations should be photographic or graphic, 
but decided in favour of the latter, as the typical distinctions 
which I wish to emphasise are otdy to be found in single 
fibres which are mixed in the lint with thousands of others, 
aui) which jthotography cannot select or show to the same 
aduftiitage, although clearly jierceptible to the eye, and 
which distinctions are best represented diagiammatically 
for educational purposes, just as a painted portrait 
can be miffle more characteristic than the most artistic 
photograph, as the individuality can be better brought 
out;* 

The scop^ of the work is the fibre itself, and its relation 
to the various processes of manufacture, both mechanical 
afid chemical, rather than the methods employed in 
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manufacture, my'object )>cing to summarise the distinctive 
character of the rarv materia), njioii the nature of wliich all 
the changes in the process of manufacture ninst be based if 
the licst results ai'o to be olitained. Hence I deal not, 
with the machinery but with' the raw niatterial yliich 
it treats, and have to assisi nie'''iu this incpiiry an 
extensive knowledge of the machinery used, as having 
been practically''engaged, on a largo scale, in both the 
cotton and worsted spinning industries. Thu.s, when 
looking at the libre from the mechanical side of the 
question, I examim^ it as I .shonid any other structural 
material, from an engineering standpoint, so as to determine 
what its different qualities are, and how they may be best 
utilised in connection with any method of manufacture, so 
as to enable those who wish to manipulate it to avoid such 
errors as in structural iron-work would be made if east- 
iron was to bo employed to resist tension and wrought-iroti 
compression. So also, when dealing with the (jucstion ol 
dyeing, my inquiry was confined to the method in which 
the fibre lends itself to the reception of tfic dye acid 
the way in which the dye-stuff is received by the fibre, 
rather than the methods employed to dye it, although 
the limitations ol these methods atCe always taken intc 
consideration. I have endeavoured also to em'body, so fai 
as I was able, the researches of others in the same directioi 
as my own, and have, wherever 1 could trace these souftes 
acknowledged them by reference, and I ha'i'e to thanl 
several friends for kindly looking over the proofs. I an 
specially indebted to Professor Knecht, Ph.D., M.Se., etc. 
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Professor of Tinctorial Chemistry in the Manchester 
Tockniciil College; to Prof. Jnlins Kiihner, M.iSc. etc,, of 
ihe same college, anil to Mr. James M‘P. .Miller, li.Sc., in 
refer^ice toVeading the [ifoofs of the last three chapters; 
and to Mr. Jowett, of Mos.srs. Cook and Co. of Manchester, 
who made the single-yarn tests for me on the Moscrop 
automatic machine ; also to Mr. J, H. Lcstfr, M.Sc., F.I.C., 
of the Mancho.ster Charaher of Commerce testing-house, for 
information supplied, and*to Messrs. James Dilwoith and 
Sou of Manchester, and Mr. A. Hoegger, Chairman of the 
British Cotton and 'Wool Dyei-s’ Association, Ltd., who 
.supjJiod me with complete ranges of samples of grey and 
dyed yarns. 7 have also to thank the publishers, printers, 
and artists, who have comiiined to make the work a 
success, and especially in the faithful reproductions of 
my drawings; which will rendei' it additionally interesting 
to the readers. 

I give a list on jmge xx of the vaiious works which 
I rfiave consultcil during the last few years, and am 
spe*ially indebted .to the classical researches on cellulose 
made by Messrs. Cross and Sevan, and embodied in the 
books which they hav® issued from time to time. 

Althougli this work does not profess to be exhaustive 
it is, nevertheless, so far as 1 can make^it, a riswmA of 
our»knowledge on the stdjject up to the present day, and I 
hope its perusal may stimulate further reseai'ch in those 
directions in which our information is yet incomplete. 
With this wish I send it forth as my contribution to the 
materials which must form the^hase of a higher techno- 
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logical knowledge, ui>on which the commercial prosperity 
of the llritish i)eople must in the future dopend, < and 
suliscribe myself 

K. JJ. 

Mam'Iikkikc, Mtuth lliOS 
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OHAPTEl!, i 

PliKLlMlNARY 

Introduction. -The rapid advance which has hccn made in 
scientific I'cscai'cli during tlie last half-century has rendered 
it|p('S.;ihh! for tliose who are engaged in industrial processes 
to turn these investigations to the highest po.ssible use. 

Almost every department of human knowledge has its 
technical applications; and those who are engaged in the 
'’arious arts and manufactures will surpass their fellows, not 
oidy in this country hut in international competition, in 
proportion as they ])ossess the knowledge and capacity fo 
turn these puyly scientific researches to the best technical 
appflcfition. Until a comparatively recent period it was 
consiScred that, those departments excepted where the pro¬ 
cesses were of a chemical nature, there was very little room 
ill the manufacture of taxtilo fabrics for the exercise and 
, employineiit of jinrcly scientific knowledge, and that those 
roles and the craft of hand, which were the outcome of 
practical experience, and which arc known as “rules of 
thumb,” w'ere atindy sufficient to secure the highest attain¬ 
able state of perfection. 

'She advance of technical education in Great Britain, the 
Continent, and America has, however, shown that there is 
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no department of Industrial Art whore there is a wider 
scope for the exercise of the liighc,st scientific knowledge 
than in the textile manufactures, not only on account of the 
very varied nature of the raw materials used, hut also on 
account of the groat variety of j>roccssca to which the 
materials are subjected, and which procossci :lepo..d upon 
almost every department of scientilic knowledge for their 
successful o])(!ratioii. 

At the foundation of all successful manufacture there 
must be a thorough knowledge of the nature of the ran 
materials to bo oj)erat(id upon. 

This knowledge must extend both to the mechanical and 
chemical nature of the raw matciial, because upon their 
mechanical structure depends the character and class of 
machinery which can be used in the manufacturing process. 
Thus the machinery and j)roccsscs cmploytsl to treat cotton 
must, because of the great diflerenco in the two staples, 
differ both in design and method of operation from those 
used for manufacturing woollen goods. It matters little, 
however, whether the processes are mechaidcal or chemical; 
for it stands to reason that where the raw material is co¬ 
ordinated to the use to which it is to be applied in all its 
relations, and the processes to which it is snbjectetV-* are 
correspondingly co-ordinated to the nature of the materials 
used, that there is a far better chance of the highest 
effects being attained than when the material is selected at 
random and the processes undirected by a knowledge which 
is more than superficial. In the early days of manufactur¬ 
ing, when most of the processes were jicrformed by manual 
labour only, and such chemical changes ss were necessary 
wore performed upon small quantities at a time, as in the 
pot-dying of yarn, there was, necessarily, a greater 
opportunity for the careful selection of the raw materia! 
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tli.iii is possil)l(! to-dify where household manufacture is 
.su|)erse(led hy the factory system and manual labour, by* 
self-acting machinery. Tinu! was also of less value in these 
primitive days, as well as labour being cheaper, and thus 
inifny dehicts, were av()ide<i, by extra care and attention, 
than i» posf« 15 Je now where the ])rocesses ai'e carried out 
on so much larger a sciTle and with far greatei' ra)iidity. 

Where “rule of thumb'’ wasom|)loyed it also fre(p]ently 
happened that processes were carricHl on 'B'ithout any con- 
siTleration of the succeeding ones, and thus positive injury 
was often done, in thi‘ earlier stages of manufacture which 
could not he I'cpaircd in succeeding stiiges. It is a funda¬ 
mental principle in all manufactures that the groiitcst 
’■crfectioii ill llie result can onlj' be attained by the 
perfection of each iirocess in the successive stages through 
which the raw material passes, and this can only be 
accomplished by a careful and scientific adaptation of means 

10 an eiiil, and in intelligent forethought which sees the end 

11 im the hogiiiiiing, and which thus iirovides for all con- 
tiiigoncios, and secures that the best results are attained at 
tlic least cost. 

.•yi the ^lalerials used in textile manufacture, from 
wifttever source they arc derived, consist essentially of a 
serifs of long filaments, either single or double or in bundles 
and varying in length, diameter, and strength; and the 
object of their treatmentavhich constitutes tlie first process 
in textile manufacture is so to arrange these filaments or 
fibres that they constitute a continuous thread or strand, 
in w^iich the fibres are more or less parallel to each other, 
and are retaineiJ in position and prevented from drawing 
out by being permitted to irregularly overlap each other, 
and by being twisted together round a central axial lino 
into a more or less even cylinder of sufficient strength to 
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enable it to be knitted ov woven into a reticulated or plain 
solid web of any convcident length apd width, and forming 
what is called a piece of cloth. 

Some of tlicse fibres, such as cotton, wool, or silk, which 
fortunately eompi'ise ihosi^ moat in use, are obtained from 
their source in a state in whiidi tluiv need no pre| iratory 
process to render them librou.s ; but those in another class, 
including all the ba.st tibrcs, which are enclositd within the 
substance of^the ]ilant anil cannot be olitmiicd by simply 
plucking, or shearing, or ttuwinding, but rciinire a some¬ 
what coinpliciited series of chemical and meclianicid pro¬ 
cesses, which if not properly performed or misunder.stood or 
misconducted, will greatly detract from the value of the 
fibre, by entirely changing its character and destroying its 
most useftd properties throttgh the injury which is doite 
as the result of igiioraitce. 

These prelimitiary jirocesses are as essentiid as the acttial 
manufacttiriug process itself, aitd retpiire the tttmost care 
anil attention if the subsequent raw material is to be of the 
highest class of its res|iective kiitil. So, too, the suitahility 
of any fibrous material, when it is obtained, for tiny specific 
purpose, depcitds largely on its mechanical citti^struction and 
properties. Thus tho.se fibrets, which ha\e a more or fcss 
tubular construction and are strengthened so as to preVent 
deformation of the tube when subjected to Hexure, by 
means of nodes or rings, are obvio.isly less suuable for yarn 
or fabrics which have to be subjected to con-stant acute 
creasing, than those where the wjhole of the fibre is built up 
of lanceolate cells which yield under pre.ssnre and possess 
a certain resilience, and which will not, tbetefore, take a 
permanent set or ruptiue and thus escape mechanical 
deterioration under the same circumstances. 

No treatment which retains the best characteristics of 
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any raw material can alter its essential natifral properties, 
and the manufactnrcn can only work with the matciiials 
which nature affords, hut he can change and aller the 
marhinei'y to woi'k it. Unfortunately, in the |)ast a very 
large portion j)f the nia<'hine.s used in textile factories have 
hcen d*.sign«<l by niaehyie-ufaker.s who have not had cx- 
jioriencc in manufactnnng, or inannfactni-ers who have had 
no knowledge of machine-making, oi’ by both who have not 
had at command knowledge of the structure agd mechanical 
properties of the raw material to be used. 

Even with tlnrse disadvantages givat |)rogr(!S.s has been 
made, and it i.s tbe object of this work to throw light on the 
nature of the varioits fibre.s so ns to enable the machinery 
to be adaptoil to tbe proces.s in order to avoid unnecessary 
damage. 

It is easy to picture to the mind a tlntoretically ))crfect 
law material wliieh slionlil possess all the most desirable 
qualities rcqtiircd for textile jiurposes in their most ])(!rfect 
iorm, but no such fibre really exists. I’ertunately many 
of those at the dis])osal of man ))Ossess many of these 
ipialities. The knowledge wdiicli science has placed within 
Ids reach hai^ enabled him, by attention to tbe cultivation 
of file plants and animals from which tliey are derived, to 
greally increase all the desirable jiroperties, ttnd to minimise 
those which are undesirable. Such advances are easily 
recognised in,the difference between wild cotton and the 
best cultivated varieties, or in the immense difference in 
quality between the wool of the wild sheep and that supplied 
from,the highly bred flocks of Eurojic or Australia. 

Nature of Materials.— In textile mamifacturos the 
materials employed, from whatever source they are derived, 
must always possess certain characteristics which maybe 
summarised as follows;— 
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1. Tensile Strength nnd length of staple or fibre. 

,‘i. Uniformity in length and other features. 

Flexibility and elasticity. 

4. Small and even diamrUir. 

h. A surface capable of friction. 

6. I’orosity and ])enneahility. , 

7. Eesi.stance to di.sinti^gi'ation and decaj'. 

8. T;U.Stl’C. 

9. Abundance in quantity. ^ 

A raw material is valuable just in jirojmrtion a,s it con¬ 
tains more oi’ less of these characteristics, and the wlude 
of them are attained in the highest degna; in the four great 
classes of material which form the basis of the cotton, wool, 
silk, and llax indu.stiic.s. 

1. Tc/txilr Sfrciiiilli. The c.ssential feature of textile 
fabrics is that they are composed of threads, eithei’ sc]iarate 
or in combination, and woven together .so as to give a ])lain, 
figured, or retieulatial surfaci!; and in order to enable this to 
he done the fibres of the material of which those threads 
arc composed must have a certiiin average tensile strength, 
so as to rcndiir the ])roccss of makitig the threads and 
afterwards weaving th<!m, possible. I 

The strength of the materials varies very much, hut in 
many case.s, after the thread is formed, the strength caV be 
increased by artificial mean.s, such as the use of size and 
other stiffening materials to hinif'them together, atid which 
can be removed where necessary when the weaving is , 
completed. 

The strength which can be obtained by using anyv fibre 
depends on two functions. » 

(a) The ihherent strength which the fibre possesses as a 

result of its origin and structure, and < 

(b) The length of the fibre which enables it, when in 
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combination witli othA- fibres used in the thread, to be 
twisted into a strand so as to bind tboin together, avei^e 
tlieir strength and enable them as a whole better to resist 
tonsile^traiii. This length is most important, as in addition 
to file ditficult^' of forming a thread from very short fibres, 
arising t'om pl^tdianiral considerations which limit the use 
of ordinary spinidng iftitchinery, they cannot be twisted 
together so as to give siifficient hold, without excessive 
twist, which is ajit to cause the thread to curl, and the 
thread is, therefore, weak as the separate iillJes draw out 
from each other. The same mate.rial often exhibits wide 
variations in this respect, us may be se(!n in the difference 
in the length of the filaments of short Indian cotton as 
compared with th(! long Sea Island fibre, and in fine 
Southdown wool as compared with Lincoln or Leicester 
wool. 

i. IJiiifoniiil'ii. — Another important consider.ition is 
uniformity in length of .stai)le, as this greatly facilitates 
"ho working of the fibre, a.s the rollers in drawing out the 
material during the process of .s))inning can then have a 
definite setting, so as exactly to suit the length and prevent 
the slip))ing of the fibre from between the rollers, or the 
brolking by excessive tension. 

Jts no fibres are perfect in this respect, but all vary more 
or les.s, selection on the basis of uniformity in length of the 
same quality is employed as in the grading of cotton or the 
sorting of wool, and also mechanically attained as in the 
combing process of either cotton or wool. 

^.^FlexibilUi/.--V/hiitever is the character of the fibre it 
is essential that, it shall not be brittle, so as to snap -or 
break suddenly when subjected cither to longitudinal or 
torjional stress, but must possess a certain amount of 
flexibility and elasticity. 



CHAI'. 


Ji COTTON FIBR,^. 

Fortunately all the fibres in tise, whether they are 
' 'derived from vcf^etable or animal sources, possess these 
characteristfes in a hij'h degi'ee, although they all dill'er 
widely as a i-esult of their diverse mechanical sti'uetiii'e, 
the modulus of elasticity of a wool or silk fibre being very 
■difi'erent from that of cotton •oi’ flax. ‘ , , 

‘1. J'Jreiinexs. —The diameter or thickness of the fibre al.so 
must be small in relation to its length, or otherwise the 
difficulty of forming a thread becomes very great, arising 
partly from'the resistance of such a foim to torsion'in 
putting in the twist and also in obtairdug a sufficient 
frictional hold of the lilu-es on each other. Kvenuess of 
diameter is also essential, because if tbe variation is very 
great it cither gretitly reduces the average tensile strain 
which the fibre can sustain without fracture, or else renders 
diflicult the drawing-out ))rocess in spinning, tind also 
results in uneven diameter in the whole thread, which 
presents difficulties in the weaving of the yarn. Where 
variation in thickness is retjuired for arti.stic and other 
purpose-s it cjui be best attained by artificial means. 

5. Bmj'nce Fibres which jtossess a perfectly 

smooth surface, such as thistle-down or vegetable silk, 
however lustrous and long, cannot be used by thcmselvai in 
textile manufacture, and are also very difficult to use, \jven 
in connectioti with other fibres, bccaust! they cannot hold 
together, and therefore it is imjvjssible in the drawing-out 
process to do entirely without twist in those machines 
which precede the spinning of the thread where the 
final twist is put in. In most vegetable fibres which 
are obtained from the Bast or inner Ijiyer of the cel¬ 
lular structure of the plant stem, after cleansing of the 
fibre from tbe gummy and other resinous and binc^ng 
material, there is always a certain roughness remaining on 
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‘the surface wiiich eiialflcs other tifires to calijli on to it aud 
retain their hold; and in many of them there is also a jointed" 
structure which is almost characteristic of ha^t fibres, and 
which; when twist is put in, prevents tlic fibres slipjiin;; on 
eailii otliei', in the saline way as woidd occur if two knotted 
cords \y;re ty^j-ted tof;etlier. 

In fibres, of whicli t'olton is the moat noted example, 
which ai'c plumose, or sinf,de cell seed liairs, the separate 
filamejits have a natural twist round their central axis 
wftich is i;really increased by culti\ation, and fn wild cotton 
it is entirely absent. lids |iro|j(!rty, whicii ai-ises from the 
uneijual dryini; of the cell contents, is the great physical 
charact(!ristie of cotton when examim'd under the micro- 
sci>pe, where it pre.aents the apjiearance of a twisted ribbon 
with thick(nied edges, iiiese twists in the fibre give the 
ncces.sary holding projierty, atid key tlnun into each other 
when they are twistttd into a thread. 

A much more marked feature, however, is exhibited in 
the structure of all wool tind other allied fibres where, iti 
addition to a natural citrl or waviness in the fibre itself, 
the whole surface of the fibre, is covered with delicate; 
scahts or lorications, having an imbricated free edge arranged 
in tnore or Tos.s ring-like distribiitioti triinsverse to the 
lon;f!tudinal axis of the fibre, and the free edges always 
pointing in the direction of the jioint of the hair. These 
scales, when tlio fibres are»opposed to each other, come into 
contact at the free edges, and interlock so that the separation 
becomes almost impossible, and upon this the remarkable 
feltli^ pro])erty of wool <lepends. 

6. Pmvsihj «j[(/ periiiealiilily is also essential, because 
very few fibres are employed in the natural state in which 
they are obtained, but dyed so as to give various colours. 
A fibre, therefore, which cannot be dyed, or which only takes 
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(lyo with (liffioiilty, has therefore, for most textile jmr|) 0 .ses, 
only a very limited apidieation. ^ 

Most tibfe.s, however, whether of animal or vegetable 
origin, are more or loss cellular in striiclure, with ])orous 
cell walls, from wbicb the cell contents can b^! removed find 
artificial colouring matter introduced. Kvei/ in thi» case of 
such a fibre as silk, which is a coflsoliilated gum, it is of 
more or less colloid charactcT', and can be made to combine 
with dye stuff, and the colour thus im])arted is of the most 
brilliant hue. Most fibres also bavo a central cavity wbicb, 
if not actually open, is of less density and more absorbent 
than the rest of the fibre. This is well seen in the medulla 
of wool fibres whicb acts as a capillary tube for the removal 
of air and the introduction of colouring mattiu'. 

7. Vermuiniri' nf xlrwlnrr is also essential in textile fibres. 

It is evident that if they w’ere easily disintegrated, or 

changed thoii ])hysical structure so as to become brittle, or 
lose their distinctive surface, or undergo chemical change 
under the influence of moderate heat or cold or other 
clinnUic conditions so as to cause diminution in strength or 
organic decay, they would be useless for any kind of textile 
fabric. ^ 

This character can be partly increased in all class* of 
fibre by the removal, from the inner pores of the fibA, of 
any unstable cell contents, leaving only tboso which are 
not liable to undergo change or trtating them with antiseptic 
reagents which prevent this. 

8. Lndrp .—Although not absolutely essential, a high 
surface lustre is a valuable adjunct to all fibres. 

This quality is seen in its highest degree in silk, and 
more or less in the long bright wool fibres of the Lincoln 
or Leicester sheep, and in even a higher degree in .the 
mohair and alpaca goats’ hair. 
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In vegetable fibres lustre is niorc rare, but reaches a 
eonsideralile degree of perfection in ramie fibre. TJntlpr' 
.special treatment some vegetable fibres can be made to 
rivaj even silk, as in the case of mercerised cotton, and in 
artificial silk jiroduced from nilro-ccllulo.se compounds. 

9. Qitantilf.-’ When ajl tli‘c above characteristics are 
obtained, it is .still necessary that, wbere a laigc industry is 
to be based upon any raw material, there must always be 
a s,jiflicient ipiaiitity availalilo. Krom an economic ])oint 
of view no process of manufacture can be eonimerciall}’ 
successful which is subject to interruption in consequence 
of difficulty of obtaining siqiplies, and the increased attention 
which is being jiaid to the extension of the geographical 
area over which cotton is cultivated is an evidence of this. 
The same applies to wool, and indeed to all other raw 
material, such as ramie, the use of which has been much 
lestricted owing to the difficulty of obtaining a regnlar 
and uniform supply of the filasse. 



CHAPTKI! II 
CLASSIFICATION OF FlBliKS 
Classification of Raw Material.— 'J’he iirovisional 

division of tlio fibres used in ooininerte i.s best, attained 
as a siinidc arrangomenl according l<i the source of their 
origin ; and tin’s is fivefold, although it may be a question 
which should stand liist, cotton oi' wool, if measured by 
their lelativc importance as national industries, but as this 
volume deals exclusively with cotton it has been given 
the premier position, and along with it all fibres of 
vegetable origin. As this classification is on^y preliminary, 
reference will only be made to the mechanical struAure 
of the materials, Iciiving all reference to the chemical 
differences for subse(iuent treatment. The classification 
will, therefore, be as follows 
I. Vegetable Fibres. 

1. Cotton {Oossypium). 

2. Flax {Liimm usUatissmnm). 

3. Hemp including Manila (CanTmhU sativa) 

i. Jute (Curchorax). 

5. Ramie or China grass {Bmhmrm), 

6. Miscellaneous bast and other fibres. 
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II. Animal Fibres.' 

A. ^Iji/ieiuhtiiea Ilf Ike 4 iii. 

1. Wool. 

‘ 2 . Mohiiii'. 

.‘i. -Mijjicu. 

. ('((ii,\s(; wools, camei liair, etc. 

K. Fordtiiiiii. 

1. Silk (cultivated). 

2. Silk (wild), 

ftl. Artificial Fibres. 

1. Lustpo.cellulo.se or artificial silk. 

2. Aiduialised cotton. 

IV. Mineral Fibres. 

Asbestos. 

V. Metallic Fibres. 

1. Gold, silver, and other wire. 

2. Coated fibres. 

These divisions might be greatly extended and further 
subdivided, and also arranged so a,s to include botanical and 
zoological affinities, but for practical purposes the above 
will serve sutliciently, with the following explanations 
which indicate some of these relations. 

I.* Vegetafte Fibres. 

1. Cotton is a unicellular fibre growing on the surface of 
the cotton .seeds, the jirimary function of which, in the 
economy of th^ plant, is t(» act as a protective covering to 
Jlhe seed and to assist the distribution of the seed by 
acting as a parachute, which enables the seed to be carried 
away Jjy the wind and thus scattered over a wider area, 
until suitable lodgment is secured. These surface fibres 
are attached to the outer surface of the seed, and, until the 
seed js almost ripe, are enclosed in a pod or capsule, which 
contains a number of seeds which are liberated when the 
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porl opens, a;id the fibres are then'permitted to expand or 
ripen until they roach maturity, under tlie action of tlie 
air and sun. 

The structure of tliose seed hairs is of tlie Simplest 
character, since they consist of a siiifjle eloiijjated cell, which 
in most cases is the result of continuous .Vrowtl; and not 
of .several cells, the junction or wall betw’een ivliich has 
been absorbed, so as to make one continuous cell as in 
some plant structures. The outer cell wall is a continuous 
membrane of pellucid material, on the inner surface of 
which arc deposited successive layers of fornmil cell contents 
which strengthen and stifl'en it in ]iroporlion to the dcjiosit. 
The outer membrane is usually covered with a coaling of 
wax and other preservative materials, wdiieh prevent the 
interpenetration of moisture, and hermetically seal the cell 
<' 0 ntents except to the. permeation of air. 

The wdiolc of the central cell cavity or lumen is 
seldom entirely filled up, and has an irregular oval form in 
section. When thi! fibre is dry and tin! tube collapses on 
the drying U]) of the c(!ll contents the lumen ajii)ears like 
a faint line. When fully ripe these fibres are easily 
detached from the seed and form a fine, elastic, and 
tenacious ratv material usually free from endochron e or 
colour, and possessing on drying a sufficient twist, Arising 
from the unequal inspissation of the cell contents, to 
enable them to be turned into an even continuous thread 
of any required thickness. Many of the fibres allied to 
cotton, such as thistle-down, cotton silk, etc., have no twist 
and no rugosity, and so in spite of their high lustre are of 
no commercial value, except that occasionally they are 
mixed with wool and used for high lustre fabrics. Many 
of these fibres, such as Pulit fibre, are multicellular. , The 
length of staple and diameter of the fibre differ widely in 
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the different varieties of cotton, being only about J inch in 
.Surat and 2 inches iy line .Sea Island cottoti. Fig. 1 
gives a good illustration of fully ripe Atnefican cotton 
fibres. ‘ Jiere the thickness in the cell walls and the 
irregular twistpd form of the fibres arc clearly seen. 

2. Fhx is.a typical bast fibre, not like cotton, a hair 
growing on the sui-faee'of the seed, but derived from an 
integral part of its structure. Those fibres are obtained 



frora*tho inner lining of the fibrous bark of the dicotyle¬ 
donous plants. This layer is built up of a reticulated 
scries of lanceolate cells, She ends of which overlap each 
other so as to form a continuous filament when the vascular 
bundle is disintegrated. This layer occurs on the outside 
inner layer called the phloem, as distinguished from the 
xilem or true wpod fibre, which constitutes the principal 
part of the plant structure, and forms its thick central axis 
or sjem. Kach separate fibre is always multicellular, and 
the cells, from being pressed together by the growth of the 
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plant, have a polyguiial section, an'il not a circular or oval 
section as in iiiiiccllular frcc-gioH ing filires. 

The ends are always pointed more or less, and in some 
cases there are several ends, \vhil<5 the cell walls arc always 
solid and thick from the deposition rd tin; changed 'cell 
contents. h’ig. i represents a t,yi)ical set, of h; x fibres 
niagidliod 200 diameters seen by transmitted light. 

In many of these bast libre.s, snch as hemp and ramie 



as well as in llax, there are dislocations or joints at intervals 
transverse to the length of the fibres. These stiffen the 
fibrous ttibe and form thick overlying fis^ires connected 
by small short discs or rings, which .are useful in catching ^ 
hold to prevent longitudinal slijtping or drawing out when 
niiide into filasse. , 

While these rings give considerable assistance in 
strengthening the cell walls agidnst the collapse of the tube, 
they also lindt the flexibility, and hence such fibres are not 
so suitable for dross goods as are the unicellular fibres. 
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3. llenii! is a coarser Tiast Jilirc than flax, and is derived 
from the stem of an atmyal plant, of which there are many 
varieties, and is used for coarser fabrics than flax. Fig. 3 
shows hemp filires magnified 300 diameters. 

4. .Jnh' is al.'jo a bast fibre, but derived from a different 
species o4 jilafttV'f whicli^theif; are many varieties,, and 
grows principally in Iiitlia and the East Indian Islands. 
The cells are strong and the fibre is smooth and lustrous, 



but it’has no joints or transverse ridges the same as flax 
and hemp. 

f). Ihmie an(J China are derived from two species 
of a stingless nettle, one of which, the Khea {Boehmeria 
tmacmiim) is a native of the tropics, while the China 
grass {^(ehmeria nivea) grows best in temperate climates. 

The fibres of each of these plants are small in diameter, 
and of very great strength. When properly prepared 
rami& is four times as strong as flax and three times the 
strength of hemp. It also possesses a higher lustre than 
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any other bast fibre, ami the finest qualities rival silk in 



l''lo. 4.—Jiaiiur Fil>n-s (.seen liy tvajismitteil x :i00 <liiiiueters. 


tin's respect. Fig. 4 sliow.s lamie filffes inagiiifiod 200 



Fig. 5. —Uainie F'jhre.s (seen hy retiectetl x 200 diameters. 

diameters, and seen by transmitted light, and Fig- 5 
fibres seen by reflected light showing the lustre. 
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I). I'lirhivs laxf /mm iieri\eu iroiu inonbcotyledonous 
liliiiits such its Mow •/ejiliiiiil Hiix, yucca, ^sisal hemp, 
manihij etc., all of which arc .siinihu’ in structural character 
to Jhoso nieiitioMod above. 

.Any itf tl^jiso fibres can l)o obtained in continuous 
length from %ie\Y inche* to several fee.t. The cell walls 
usually contain a eonsidm-ahlc (piantity of foreign matter 
besides cellulo.se, and the.se are frei|ucntly of a resinous 
naytre, which, unless renioveil, pi-esents grealj difficulty to 
the manufacturer, both mechanically and chemically. 

The fibres re(|uirc ninch care in preparation, and 
.speci.ally when they have suh.sci|ucntly t.o be dyed, and their 
treatment forms a special branch of Chetnical Technology 
to which more attention will he paid in the future. 

II. Animal Fibres. 

■ I. Jirjtniihujes (if the Skin. 

I. IFiiiil .—The chief atiimal fibres used in textile 
lanufacture are wool, hair, anil other fibres which form 
I he out 'f coating of the skin of various animals, of which 
they form an otitgrowth or appendage. 

Ihe most uteful are sujiplied by' one order in the 
animal kingdijjn,—tlie Kuminantia or anim.als which chew 
the^td, and which includes sheep, goats, camels, cow.s, etc. 
Of these, wool is by far the most important. Wool and 
hair have the .same origin, and pre.sent identical physical 
fetiturcs, whiclp shade into each other and render it difficult 
, sometimes to distinguish between them, as there are woolly 
hairs and hairy wools. 

The chief distinguishing feature is generally that the 
hair is more rigid and stronger in character, .and possessing 
little curl or waviness which is so prominent in true wool, 
and‘it also has a smoother and more even surface; and 
although both grow on the same animal, yet in the sheep 
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cultivation toids to minimise the growth of hair and 
confine it to certain regions of the body, while in the pure 
breeds the hair is entirely eliminated. 

The sheep which belongs to the sub oi'der Ovidic i.s 
very widely distributed geogi-aphically, and iiroduces, as a 
comsequenco of the largo? iiumhec of clas.scc into vthich the 
sub-order may be dividecl, a gi-eat variety of (pialities, all 
of which arc, however, used in mamifactnre. 

Uoughly, sheep may be arranged into tlii-ee classes 
based on the length of the average fibres. 

(1) Short, flue, pure-woollod sheep, such as the merino 
or the Southdown. 

(2) Medium-staple and ci-oss bred sheep, such as the fine 
combing Austr alian wools are obtained fi'om. 

(3) Long-woolled, bright-hairerl sheep, such as Jjeiccster 
or Lincoln breeds. 

The wool from any of the.se sheep exhibits the same 
characteristics, only difl'ering in degree. The wool fibre in 
common with hair, from which it is differentiated in degree 
but not in kind, derives its origin from a follicle or 
inversion of the cuticle or skin, which forms a deep de¬ 
pression or sac from the bottom of which thp fibre springs, 
and is in muscular and nervous connection with the ifiider 
layer of the skin. 

The shaft of the fibre is formed of closely jiacked cells, 
which assume a diflerent form in the difrera'’t parts of the 
stnicture, being less distinct at the point of origin, and, 
changing with the upw'ard growth of the fibre. 

When the differentiation is complete three distinct forms 
are recognised. • 

(1) The inner or central axis usually consists of large 
and well-formed globular or oval cells, packed together in 
a longitudinal direction, and often containing endochrome, 
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Imt in the most cultivntecl sheep this central medulla is 
entirely hred out. 

(2) Hound the eontral axis mere is a snalt or cylinder ol 
loll" lanceolate cells packed close together, and resembling 
the vascular c^ls in bast fibres. Upon this cortex depend 
the stre*igtli «id elasticity of the filire. In wild varieties 
these cells contain enddebrome, upon which the colour of 
the hair depends, but this is also absent in the cultivated 
sheep, whose wool is light greyish white. 

(.'!) The outer layer covering the surface of the cortex 
consists of large flattened cells which form a horny sheath 
or cuticle. These scales arc attached at their lower ends 
to the underlying cortex, and the free ends which are 
imbricated on the edge are always directed towards the 
noii't of the hair. 

These scales can slide over each other, without friction, 
nlien the fibre is subjected to flexure. When the surface 
of I he fibre is examined under the niicroscoiie the edges of 
these scales are seen as irregular transverse lines, which 
give the fibre the aiipearance ol being built up of a series 
of iriegiilar rings like the scales of a jialm-troe or slates 
on a round tower. 

ffhese rings are large and irregular, and few in number 
on c^irso wools, and increase in number on fine woofs, and 
upon those depends the felting property of the wool. In 
many fine woijjs the scalcs^re continuous round the whole 
circumference, and give the appearance of a scries of cups 
inserted into each other. 

The follicle of the fibre is furnished with oil-secreting 
glands which lubricate the surface of the hair, and the 
whole skin is covered with fine openings, from which an 
unctuous fat or suint exudes, which is secreted from glands 
enclosed in the skin. In the merino and other fine-woolled 
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sliccp this suiut ciiswjithcs the whole of the fibres, loosely" 
cementing them together, thus jireserving their (leliciite 
structure from injury, iuiil preventing the matting of the 
fibres together when tin; scales are opposeil to eacH other 
by the curl of the fibre. ' 

The fil)res usually grow in tufts, whieli .lire, a series of 
fibres associated together, and fornling the locks (U‘ sta])le. 



which varies in length in ilifi'ereiit breeds fi*oin inclj, to 
upwards of 2 feet. • 

Fig. (1 illustrates the appearance of typical wool fibres 
and shows the difi'erent thickness of the fibres, and dis- 
ti'ibution of the surface scale.s, and also to a sliglit extent 
the curl in the wool. 

2. Muhair is the hair from the Angora goat, which 
difl'ers from wool by the same characteristics as any other 
hair, but it possesses a high surface lustre, arising from 
tin' size and closeness of the scales with which i|. is 
covered. The Cashmere goat yields a similar but finer 
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hail', anil an uiidergnnvth of short wool whitli is highly 
valued. , 

3. ylljmcn.- This fibre is the produce not of a goat but 
a srnall sjiecies of goat like camel found in South America, 
and closely allipd to the Tilama and Vicuna, which yield a 
liner and*softe»'liair or wool. The true Alpaca is the hair 
of the Anchenia Paco, Snd is usually coloured in tints, 
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varying from *greyish white through brown to black. 
Pike 6ther similar libres it is a mixture of hair and wool. 

4. Caniri and cow Intir have all the characteristics of hair 
as above, but aj^ much coarser, and the scales on the surface 
are largo and closely adhering to the cortex during the 
greater portion of their length. On the camel there is 
also a fine hairy wool. Pig. 7 represents the fibres of 
coarse mohair, which may be taken as typical of this class 
of fibre. 

There are also a considerable number of fibres, such as 
rabbit-hair, the hair of the beaver, and of the hare, and a 
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number of similar ftii- and hair-bearing creatures, whose 
hairs are used in felting and habmj-king, and which present 
distinctive' cliaracters when seen under the microscop(t 
Fig. 8 gives an illustration of the hairs from the 
kangaroo, the camel, the rabbit, and the cu|-ions Australian 
creature, the Onnlhuihifim^ /Kmuluxiis. r < t 
71. Seei'clions. ‘ 

1. AW; is the pi’odnct of a species of eater])illui', of 



Fid. 8.—Various lluir.s. x 200 

A. Hair of lcau;;aroo. I', llnti of lubbii. 

li. Hail ol caiiu‘1. I'. Hair of 

which there are many \arietie.s, some of them wild and 
yielding tussar silk. Some of' the wild vijrieties are now 
being cultivated. 

The most valued silk is the produce of the mulberry 
silk-worm, Jimliix nwri Its use originated in China 
centuries before the Christian era, and from thence it has 
spread to all parts of the world which favour its 
cultivation. . 

In the economy of the worm the silk fibre is the thread 
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secreted to form the outer covering of tlie cRcoon which 
enswathes the chrysalis, of the future moth during itji 
pupa state. When the time for forming the cocoon 
arrives, the worm exudes a viscous fluid fi'om two glands 
situated within.its body on each side. The liquid passes 
through ftvo dftots in the Ijead of the woi-m, which enter a 
comnioii oiicning, and from it jiass into the air, where the 
tihres coagulate into a firm continuous filament. As the 
two,.streams of viscid liipiid pass out of this common 
I qiening, they are coated with a secretion from two other 
gland.s, which cements the fibres together into a double 
strand. 

To obtain the silk, the cocoon is heated before the 
emergence of the moth to a sufficiently high temperature 
to k'll it. The cocoon is then placed in hot water, which 
molts the cementing material, and the two filaments can 
-then be unwound, either singly or iu combination with 
each other as may be reipiired, and form the spun silk of 
eommerce. Silk is distinguished for its high lustre, great 
elasticity, and temsilc strength, the latter being almost 
equal to a metallic wire of equal dimension. 

The appearijjice of the fibre under the microscope is that 
of # colourless, transparent, and structureless fibre of 
unifom diameter and free from twist. There are also 
sometimes visible on the surface of the thread longitudinal 
stri® or faint jibbed markftigs like the fluting of a pillar, 
pnd especially when the cementing gum is removed. 

When gummed and subject to flexure the surface of 
the fibre, especially in wild varieties, exhibits faint cracks in 
a direction transverse to the axis of the fibre, arising from 
the cracking of the gum, which is more brittle than the, 
substance of the fibre. Silk fibres are of great length, and 
oven the waste and short fibres made in the process of 
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uiiwiiuliiig ^lic cocoon are now worked and spun on 
sjiccial machinery. , 

The wifd silks are of many varieties, and the (ibre.s are 
g(!nerally largoi' in diameter, darker in colour, an'l not so 
easily dyed and hleachoil, and the sti-engtji is not so great 
in iiropnrtion to the diameter as in the* eultivMcd silk. 
S])ider’s weh, which is closely allied to .silk, is sometimes 



used, and the thread is of a very high lustre %d remarkably 
strong and light in weight. • 

Fig. 9 shows the appearance of cultivated silk when 
seen under the microscope. •Some of ^le gum which 
cemented the fibres together is seen at A and B. De- 
gummed fibres at C. 

III. Artificial Fibres. 

1. Artijicial Silk —For many years attempts were made 
to imitate silk by. artificial means, such as the coating of 
cotton thread with solutions of silk, which upon drying 
gave an artificial surface to the thread. None of these 
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jirocessos were successful, but about the miiliile of last 
century success attcndeil tlij; endeavours of two investigators, 
M. Chardoiict ami Herr fienhei', who, each in a’dilfercnt 
way, wei'O able to produce filaments from solutions of 
cellulose in varioys solvents, (h'oss and lievan, the great 
authorities* on »ollulose, proposed that these compounds 
•should bo termed Lustro-CPllulose. The purified cellulose 
is nitrated, and the nitrocompound di.ssolvod in various 
mixtures of alcohol and ether, when it forms a viscid liquid 
which i.s forced through a capillary tube; and on t?ie solvent 
being evaporated, and the filament de-nitrated, a Iransparent 
colloid thread is formed which closely resembles silk in 
appearance, and even possesses a higher lustre, hut it has 
iioilher the strength nor elasticity of silk. It is also more 
dilficu’t to dye, and when subjected to the action of water 
it rapidly loses both strength and elasticity, and suffei’s 
disintegration. 

To get over this difficulty artificial silk is being coated 
will, a solution of real silk, which seems to promise an 
imjirovement. 

Notwithstanding these disadvantages its use is rapidly 
extending, and improvements are continually being made. 
Coarsefsilkdike Ifbres cidled viscose silk are being produced 
from ait alkaline zanthate of cellulose, and solutions of 
gelatine are being employed in place of cellulose to produce 
a fibre edled Vajjduara silk. • The evaporated gelatine is 
then treated to render it insoluble, and this thread more 
nearly approaches silk than any cellulose compound, as it 
is all of animal origin. 

The great advantage of these artificial fibres is the 
cheapness with which they can be produced, and the 
abundaiice of the raw material. Under the microscope the 
appearance of these fibres is very similar to silk, and they 
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cannot easily be distinguished from silk except by their not 
^exhiiiiting the double strand in the fibre. 

2. JnimUsed Cutfon .—Cotton threads are now often 
treated so as to increase their lustre and receptivity to dye, 
by being coated with solutions of silk, tyool, and gelatine 
which, when the solvent has ^evajioratcaV’loavi’ a surface 
sufficiently pliable and elastic not to crack under moderate 
flexure. The cotton is mordanted jn-evions to coating, so 



as to increase the affinity of the fibre for the animal loating, 
and this renders it more homogeneous. This jirocess is 
called animalising, and the ‘artificial sinfaco has a great 
affinity for substantive dyes. 

IV. Mineral Fibres. 

Asbestos, which is a fibrous silicate of magnesium and 
calcium, is the only mineral fibre used for te.vtilo purposes. 
It is found in strata in rocks in various parts of the world, 
and especially in Canada, where the asbestos is. easily 
separated from the rest of the strata, and consists of fine 
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flexible fibres of considerable length and tendbity. The 
Canadian asbestos has aljo a certain amount of curl in it, 
which greatly facilitates spinning into thread. 

It has the peculiar property of being able to .stand the 
action of a red li^’at without disintegration, and hence the 
yarn and •cloth* ts used extensively where it has to be 
.subjected to a high teni^ieraturc. Fig. 10 shows the 
appearance of asbestos fibre under the microscope. 

V.^ Metallic Fibres. 

HM and xilvh- thread, made from line-drawn wife, are also 
used for certain purposes in, the textile trade.s. Sometimes 
they are made entirely from the imre metal, but plated 
wire by electro-de[iosition is also extensively used on 
acrount of cheapness, such as coiiper on iron wire, silver on 
mckel gold on silver wire. Thread is also made by twist¬ 
ing metallic wires along with cotton, wool, and silk, so as 
t<’ nroduce various artistic efi'ects in woven fabrics and 
biiids. 
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Division of Subject. — It W<)nl<l lie impossible, even 
within the limits of <1 larjie volnme, to consider nil the 
various stages thi'ough which cotton i.s ]ias.scil in the process 
of manufacture from the cotton field to the finished product. 
Such a research would necessarily imjily a description of 
the machinery employed in the mills, and the mechanical 
details of their construction, and regarding which there arc 
already several works which cover this ground in a 
thoroughly efficient manner. 

This volume is only intended to examine the raw 
material itself, and look at it as having a mechanical 
structure upon which its fitness depends, and nptn the 
variations in which certain advantages and disadifantages 
arise in relation and connection with the process of manu¬ 
facture, .and not upon the lAechanical pgicesses to which 
it is subjected, except in so far as these processes may 
affect the mechanical or chemical structure of the mateiial 
in its individual parts. Also to consider, in a similar way, 
the chemical composition of the fibre and the relation 
which this bears not only to its tensile strength and other 
inherent properties, but also to the reactions which occur 
with the constituents of the fibre, when treated with various 
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cl’oiiiiciil reagents; and esiieeially those which aft employed 
in the bleaching and dyeing of tlic cotton and the conferring 
upon it of new properties such as feeding and sfrengthen* 
ing the iflire and rendering it more icceptive to mordants 
and dyes, and increasing tlie elasticity or lustre which it 
already iitsscsst!^ It must also be rcmembereil that the 
investigations into the chemical structure of the cotton 
fibre, which is largely com]iosed of a carbohydrate called 
cellulose, liave opened up means for its use, in industrial 
ap])lication to tlie arts, far beyond its eniployftient as in 
textile fabrics, and have laid the foundation of extensive 
industries, whose numei’ous ramifications come within the 
scope of “ the cotton fibre in its relation to technical applica¬ 
tions,” and must, therefore, have their jdace in this volume. 

Th" inipiiry will also necessitate the investigation of the 
changes which occur during the growth and development 
of the fibre, and how they are afl'ected by climatic and 
n ■ tcorological considerations. To give as great definite¬ 
ness as possible to these various considerations, the subject 
matter may be examined under four principal heads, each 
of which is also subdivided. 

These divisions are as follows :— 

I. •The Sources of Cotton. 

• 1. Speru’.'t df Ootiim VhmU. 

(a) Botanical relations. 

Geographical distribution. 

(e) Histological development. 

II. What is the Typical Structure of the Cotton 

Fibre, 

1. Medmnicdly. 

(«) In regard to the arrangement of its 
ultimate parts. 

(li) In regard to its structural peculiarities. 
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(a) During the period of development. 

(Ii) In the fully ripe fibre. 

III. What Variations from the Type Structure 

are presented. , 

(e) In fibres gulliered fronj die sume .source 
at the sanie'time. 

(fi) In fibres gathered from the same plant 
but in ditt'erent years. 

(<•) In fibres from different ])Iants grown in 
different countries. 

(it) In fibres from the .same plant under 
different treatment. 

IV. How far these Variations in the Individual 

Fibres affect its Use in the Manufacturing 
Process. 

(a) Mechanically. 

(J) Chemically. 

The individual fibres of cotton arc too small to be 
properly or clearly examined by the naked eye, even as 
regards its general appearance and larger features, much 
less to discern the actual structure and appearance of its 
individual parts, which are of the most ffne and dtlicate 
character or to trace the minute markings and in'cgJlarities 
on its surface. 

To attain this object it "was necessajjy to employ a 
microscope, with every accessory and apparatus which 
modern mechanical and optical skill could furnish; and the 
microscope used was the very best which could be procured 
so as to arrive at the best results compatible, not with 
limited means, but with everything which the microscope 
could revepl cpiite iirespective of complexity or cost. 

The instrument used was a large compound microscope 
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of'the Nelson model, suPiilicd liy* Cl. linker Holborn, 
London. This microscope i.s in every l espeet an instrument 
of precision. Every movement is controlled hy nfcchnnical* 
means, tlfus ensuring that ease and precision of adjustment 
whieft is so imjiortiint in high-class critical work. 

The body, stjjjje, and sub-stage arc mounted on a massive 
limb in one piece throiighaijt, thus reducing to a minimum 
any chance of derangement of the optical axis. The limb 
itself is mounted on a solid tripod, which secures the utmost 
steadiness and freedom from any vibration, and is capable 
of adjustment to any reipiired angle, so that observation can 
be made by every means’of illumination, and under all 
conditions and angles, both with reflected and transmitted 
light so as to enable any object to be seen cither as opaque 
or transparent. The principal or upper stage is made 
specially thin, so that the illumination from beneath can be 
used at the highest angle, and in addition to the usual 
rect.ingular motions there is an arrangement to give an 
objioue motion and also a complete rotary motion. All 
parts are graduated, and a glass stage can be substituted 
for the upper part of the brass stage, so as to enable chemical 
reagents to be used. 

Ajbinocular tube is also supplied as well as a monocular, 
so that objects can be seen stereoscopically. The draw- 
tubes are graduated so as to enable any variation in 
length to be measured arid the motion controlled by a fine 
adjustment. The fine adjustment which carries the optical 
tube only is actuated by a milled head graduated to 
-j-j^-yth of an inch. A sub-stage is carried on the limb below 
the principal stage, and is fitted .with similar motions in 
.every direction, and thus permits the centre of this stage 
to be brought into absolute coincidence with the centre of 
the upper stage and the optical tube. This stage carries all 
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the varioijs forms of condensers, piisms, iuid polarising 
apparatus. A direct-vision spccti'o.scope is also used in 
the ahso.'ption experinienls. 



Fif.'. 11 .—liiirge (!ouipouml MieroM'ope. Si-ale 


This instrument is shown in Fig. 11, in tvhieh its apj)ear- 
ance and general arrangement are clearly seen. 

SjMicial attention was paid to the optical part of the 
instrument, so as to secure the utmost perfection in definition 
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free fi'om either sjiherical or chromatic aherratirili in either 
till! eye pieces or oiijectivcii. 'I’lie eye-[)ieces and objectives 
were in the case of tlie apochromatic series made spcciallv * 
to sni^ each otlier. The wide ranpe of power attainaldc )>y 
the instrument w^l lie seen from the followiiij' table, which 
},'ives tlio ffleal (Mfiance of tlje objectives and amplitniles of 
the eye-pieces or oculars combined, measured in diameters. 
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In addition to this wide range of jiower every intermediate 
degre(*of magnifleation could be obtained by means of the 
graduatfed draw-tubes, and this adjustment was specially 
valuable in enabling an absolute coincidence to be obtained 
between the stage and eye-jiiece micrometer, so as to secure 
accuracy in the measurement of the diameter or other parts 
of the objects. 

In addition to the usual dry objectives, all of which 
wore obtained from Koss, Uaker, AVatson, Swift, Powell, 
and Lealand and other first-class makers, a sfiecial set of 
apochrqmatic oil-immersion objectives of ,| in., J in., and 
jV in. in focal length, with a complete set of compensa- 
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tioii eye-jficces, were obtained from Zeiss of .Icim. Siiiie 
idea of the perfection of tliese glasses may be gathered, 
when it is stated that they resolved the dots in both 
directions on the surfaeis of the frnstiile of j-lniphipli'iciy 
prUueiihi, the most difficult object on Moller's test-plate, 
with as much distinctness as the usual ^ in. diy objective 
resolves Ahwiruhi foniivsn. A .,’--in, oil immersion was 
also supplied, but in tbc use of tin! latter no advantage 
was gained, even when used w'ith a suitable, oil-iminersion 
condenser, as the absence of light was not compensated for 
by increased deliiiition. 

Both low and high angled objectives were used, and the 
observations w'cre made with both polychromatic and 
monochromatic light, both solar and artificial. 

Special attention was given to the measurement of the 
diameter of the fibres, and to this end a delicate Troughton 
and Simms Spider Web parallel-wire micrometer was used. 
The angular reading on the large circular graduated plate 
was assisted by the use of two reading lenses, of which one 
has been removed in the illustration shown in Fig. 12, so as 
to exhibit the slow-motion clamp used to fix the graduated 
plate in any required position. The working parts of the 
micrometer consist of an eye-piece within the field of view, 
of which two very delicate fibres of cobweb are placed 
paralled to each other. These filaments can be sci)arated 
from each other by the action of a vej;y fine screw, the 
head of which is divided into one hundred parts, the several 
divisions being large enough to enable half to be read with 
the greatest ease. A fixed index registers these divisions 
as the screw is tnrno<i round. A portion of the field of 
view within the eye-piece is cut off on one side, at right 
angles to the cobweb thread, by a scale formed «f brass, 
having notches at its edge like the teeth of a saw or a 
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coiiib with shallow teeth. Iho distance between these 
teeth from point to point iff, ('ijyth of an inch, corresponding, 
to the pitch of the screw, and every fifth notch is made 
decjier than the other four, so as to assist the numeration 
by tlie eye. Whin in use the micrometer is used in place 
of the ordinary t^'e-piece. ^ tThe object to be measured is 
then brought into such a jiositioii that one of its edges 



Flc. ]'J.—I'iinlllel Wire MicroTiieter, 


seem.s to touch one of tlr: cobwebs, and the other is moved 
by the screw unul it touches the other edge. The number 
of entire divisions shows how many complete turns of the 
screw must have been made in passing over the object, 
while the fractional portions of a revolution are read off’ 
the divided head by the fixed index, at A or R In order 
to obtain the value of each of these divisions in paits of 
an inch, it is necessary to use, along with the eye-piece 
micrometer, also a stage micrometer. This consists of a 
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graduateil scale of very fine! lines drawn on glass, the 
.larger of,which are ,-,’,,-,1'*' r<Mio''^ 

inch. Fig. 13 illnstrate.s the appe.arance of t.his sbige 
micrometer when seen thi'ongh the microscope. 

When the two lines wliich represent phe two 8idc.s of 
these division,s, say , „\,uth of i n inch, arP, ilistinclly visible 
in the field of the micro.scope, tlic eye-piece is withdrawn, 



Kid. Micriniu'tei. x 70 4iaiiifU*vs 


and the draw-tuhe pulled out until the rxi'o,,*'*' 
division on the stage micrometer exactly corresponds to 
the distance from point to point of one /)f the divisions 
of the brass scale in the micrometer. The stage micro¬ 
meter is then removed, and the size of any object placed 
on the stage is easily measured, as each division of the 
bra.ss scale corresponds to ynoo*-*’ 

division road off, on the head of the micrometer screw, 
is CQual to —1- th of an inch. The value of .these 
divisions may be increased or diminished by making each 
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of the (livisioiLs of the brass scale correapoiid ti larger or 
smaller divisions of the sUge micrometei'. The graduated 
plate on the tiiicr'ometer allows angular moasuroments to 
ho talicn, as the pLirallel cobwebs can be turned round 
in any dii-ecti<in, so as to measure in any part of the 
field. 

In e.’iainining the stiiicture of the cot.ton fibre the 
diigree of magniiicatioii which was found most usefid wlls 
from to .'>00 diametci's, but higher powers were used 
where e-xamining the details in structure. It is also better 
to obtain the power by Uie use of the lower eye-piece 
and higher-powered objectives than by deep eye-piccing, 
and the lower-angh’d objectives are bettor than high- 
.iLLglcd, because they give a deeper ])enetration, and thus 
re oh 3 the constituent parts of the object, which are 
adjacent, both in the horizontal and vertical plane, with 
greater distinctness. 

Method of Preparation.- In order to arrive at the 
mechanical construction and organic texture of the fibre 
and its various parts, it was necessary to prepare the 
specimens so that they could be examined under the most 
favourable circymstance.s. The fibres were mounted in 
the ifeual way on glass slides with their coveritLg-glasses, 
ami thus each specimen could be referred to again if 
nccessaiy. 

The fibres weie first examined in their natural state, 
that i.s, in the condition in which they are taken from the 
surface of the fully ri{)e seed to which they are attached, 
and from each part of its surface. 

The surface of the fibre in the natural state has a 
thin coating of oil and wax, which also interpenetrates 
the substance of the fibre, often entirely filling up the 
centre cavity or lumen ; so that when examined to detect 
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the varioui parts of the fibre it is necessary to cleanse^ it 
from tliis cementing and protcetivo material l)y various 
methods, including the use of chemical reagents, and also 
of staining materials, to discriminate the degree of rijieness 
in the cell-walls and nature of the cells’, contents. This 
cleansing is also necessary, bi^jaiise the w.Y.v anil oil give 
a greater and more homogeneous transparency to the fibre, 
and thus prevent slight structural variations or succe.ssive 
intercellular deposits from being seen. It also, iinless 
removed, [n-events the ])enetration of the reagents and 
st.\ins, and also of the dyes >ise(l in the last experiments. 

'J'hc following are the methods of preparation and 
examination which wci'o usually omployeil: - 

1. The fibre was examined in the raw state and without 
any preliminary treatment. 

'J. The fibre wa.shed iti boiling w.'i,tei' and dried. 

;i. Washing with alcohol and also with a mixture of 
alcohol and ether. 

' 4. Washed with hot water and treated with a solution 
of caitstie jmtash and also of soda. 

f). W'ashed with alcohol and ether, and trciiteil with 
weak and strong solutions of alkali. ^ 

G. Treated as ab.)ve, and washed and treated witlf cold 
and warm solutions of zinc chloride, and of iodine and 
iodide of potassium dissolved in hydrochloric acid, as 
recommended by Professor Schultze. 

7. Cleansing as above and washing with a weak solu¬ 
tion of sulphuric acid and of iodine, sulphuric acid, and 
glycerol. 

8. Heated with solution of atnraoniacal copper oxide 
reagent, as prepared by Professor Schweitzer, and method 
of solvent action observed. 

9. Treated with various staining materials, such as 
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ciirniine, picro-catminc, hiranatoxyliii, oosin, aficl various 
aniline dyes. 

10. T[ie special specimens reserved for use were 
mounted in Canada balsam, in glycerine, and in ziiiclilorin 
and also dry. | 

11. A ^nicr(ft«mc was jised in making ibe sections, 
which were held togethet* with various binding materials, 
■sucli as wa.x. 

Tlin fibres were also examined slack and under various 
degrees of tension, and also afte.r mercerising, bleaching, 
dyeing, sizing, and also after each process in the manu¬ 
facture of the thread, and in the cloth, lioth after weaving 
ill the grey and after the finishing jirocess. 

Cotton was also planted and grown in a greenhouse, so 
a: to be continuously observed during the whole process of 
growth, from the germination of the seed to the full 
iiviturity of the plant. Special attention was given to the 
rormation of the ovary and its development; and sections of 
the seed jiod or boll and of the seed, in its various stages, 
both longitudinal and tninsverse, were made and examined, 
so as to arrive at the method of generation and point of 
ongin ; and distribution of the ombriolic fibres and their 
gradual unfolding and progress until fully ripe, so as to 
enable a full liistoiy of the fibre to be obtained. This will 
be detailed at later stages, e.ach under its appropriate 
heading. 

* The whole of the plates exhibiting the various stages 
in development and the appearances of the fibre from the 
various species of cotton were drawn by the author from 
the specimens as seen under the microscope. This method 
was decided upon rather than photography, because, for 
educational purposes, while the appearance is faithfully 
represented, they are also diagrammatic; that is to say. 
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they represent selected fibres, which exliibit the most 
salient and typical features of the various fibres under the 
conditions then ])ertaining, and more closely represent the 
difl'erent characteristics which it is the most desiiahle 
to note. 



CHAPTER JV 

niSTOKY, SOUKCES, AND liOTANV OF COTTON 

In c()nsi<Iering the sources from whicli the supply of cotton 
i-- derived it may not ho uninteresting to look shortly at 
tlie history of the cotton industi-y, and see how it has 
siiread from one original centre to every civilised country, 
and the cultivation of the plant heen introduced into many 
p: Its of the glohe where it is not indigenous; and thus 
loo geographical distrilmlion is now almost universal in the 
whole ol the cotton belt, which extends all round the world, 
on each side of the equator. 

Early Antiquity. —The first use of cotton as a raw 
material, out o^which to make yani and manufacture goods, 
is loft in the dim vista of jiast ages beyond the dawn of 
history. It is probable that it was in use in India for this 
purpose 1.500 and long before the Christian era its 
manufacture had reached a high degree of perfection. 
Herodotus, writing 14.5 says, “In India they possess a 
kind of plant, which instead of fruit produces wool of a 
better and finer quality than that of sheep, and from this 
the Indians make their clothes." Earlier than this, in the 
book of Manu, 800 B.C., which is a digest of ancient laws, 
cottofi is mentioned so frequently and in such a manner as to 
indicate that its use, both in the making of yarn and goods, 
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must haveTjeeii known for a long time previously. From 
India the, culture of cotton and its ns(^ .spread to China and 
Japan, and some authorities are of oi)inioti that (,he plant 
originated in India. It is found, however, in one foivu or 
another, and in a liorhaceous or ai’lmroscjfiit form in most 
tropical countries. Cotton was also in 'c'nnimHi use for 
clothing in America when discovered by Columbus, and 
especially in Mexico and Peru, where it formed the i)rincij)al 
article of clothing, as they appear to have been «i]uitc 
ignorant of either silk or flax, althougli thisy knew the use 
of wool. 

In Africa, when Vasco ila tiama rounded the Cape of 
Good Hope in the fiftiamth century, he found the natives 
using cotton north of Zanzibar, and skilled in its manu¬ 
facture, which seemed to indicate that they had been 
familiar with it for a long period of time. Although it 
was undoubtedly in India that the first manufacture of 
cotton goods originated, and where for ifOOO years it had 
almost a monopoly, in conseipmnce of the high state of 
technical excellence to which the various processes had 
attained, still, it tvas ijrobably in use in many I'cgions 
within the tropics, as the raw material rojitiired no pre¬ 
liminary |)rocess, except plucking from the seed when^'ipe, 
and spinning into thread by the hand, which is common 
amongst all primitive races which have advanced in 
civilisation suflicientjy to rcrpiire dress. 

Cotton is a sub-tropical j)lant, and flourishes in suitable 
localities in a belt, which runs round the whole world 
comprised within about north and 155' south of the 
equator, or 3000 and S.'iOO miles respectively. A glance 
at the map will show what a large portion of the habitable 
world is comprised within this limit, since it embraces 
the whole of China south of Pekin, and the Islands of 
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life Eiistcni Areliipelaf;o,*in(l the whole of AnsWalia; also 
the whole of India, Afghanistan, Persia, and Arabia, the 
south coast of Enrojie, and the whole of AfricS, and in> 
the Anterican continent from the latitude of ban 
Francisco and St. Eoui.s in hiorth Ameiica to the southern 
limit of »lic iW5;cntine lic))ublic in South America As 
within these limits there* arc included such parts of the 
British Enipiie as Australia, India, the South-West African 
States, anil the West Imlian Islands, there is no reason 
whatever that all the cotton retpiired by the Lancashire 
mills may not he produced within these widely diver¬ 
sified areas, and within' which every ipiality can ho 
cultivated. 

Cultivation.— At present the cultivation of cotton on 
the large scale is chiefly confined to the United States, 
India, Kgyiit, Brazil, and Chimg where, however, it is mostly 
consumed by the native manufacturers. The various 
voti-ms grown in these countries arc usually named aftei 
the country of origin, such as American cotton, comprising 
Sea Island cotton, which is the puro.st variety, and 
indicates its origin on the shores of the islands of the 
coast of Florida ami Georgia; Indian cotton, known as 
Sur«t, after fto port in Bombay from which it was 
originally shipped; Egj ptian cotton, the croi» of which 
are grow-n from American seed in the Nile valley and delta, 
and Brazilian and Peruvian from South America. Cotton 
flourishes best when grown on light sandy or loamy soil in 
districts where there is copious rain during the late spring 
and early summer months, and fine dry weather aftcrward.s, 
so as to ripen the boll and dry the cotton. The light soil 
retains the moistmo to feed the plant after the rain has 
fallen, and does not dry up as in the case of cereal crop& 
Potash and lime are essential for its growth, and hence it 
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flourishes''ixist near the const, wliore the soil is usu!l^l}- 
richcr in tliese constituents, jn-obably ilerivcd from tlie 
•sen-spray* which is cari'ied b}’ the wind over tlu! adjacent 
laml. If the soil is too deej) and riidi, the planf is apt to 
run into too much jjrowth, and ])roduc<'s stolk unif leaf 
rather than cotton. The same happen^ •also in seasons 
when the rainfall is e.xcessive* und long continued. The 
longe.st and be.st (jualilies of cotton are grown itlong the 
shores of the Soiitherti States of North America atid in 
the tilluviiil soils of the hirge river vtilleys whert! moisture 
is always found, even in the driest season.-., or can be 
obtained by irrigation, as in tln^ Nile vallev in Kgvjit, 
where the .soil is tdso being continually brought from the 
sourccts of the river. Irregularity in climate, and 
deticieney in mtiistnre, lead to the im))OVeri.shment and 
deterioration of the fihrt', and tend to irregularity in 
staple and strength, tiud in the characteristic tw ist in the 
fibre, which is so essential for textile ptirposes. Although 
the time for preparation of the soil and the method of 
cultivation dill'er in diflerent countries as well as the time 
of sowing, there is a general similarity in all ciscs where 
the plant is an annual, as in the flidted States, India, and 

Ksypt- 

The soil is prepared ts) receive the seed by ploughing 
up the land .after the clearing away of the old stidks, which 
are usually itloughed in or burnt and sjiread on the land so 
as to restore the normal constituents to the soil. Eotatiou 
of crop is also now being largely introduced so as to 
prevent the exhaustion of the soil, and the cost of artificial 
manures in any large quantity. Where tiie soil is stift' and 
lumpy harrowing has to be resorted to, so as to break 
up the clods and make the land light and friable. Prills 
arc then employed to make furrows, in which the seed is 
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(l(‘|*osite(l, cither by mech'auicul moans or by 'I’lie 

time of scud-sowing varies vvitli the geographical position 
of the country. In South* America, as in lirazil ahd Peru, 
it is usiuiMy commenced in January and iinishoil in April. 
In th?! Uniied States it usually does not commence until 
March, aiu^is finfthed at the end of April, and the same in 
Kgyiit; but in India the s^fling does not commence until 
the end of Alay, and may extend to the beginning of 
August. 

Th« I iccoptetl mode of oultivaLiiig cotton is to sow the 
seed in ch^vatod ri«lg( 3 s or ])cds, varying in di.stancc apart 
acconling to the nature of* tlic variety grown, in regard 
t«) height and spread. In rich hottoin-laiid alluvial soil, 
vInTO the plant frc(iuently attains a Iniight of 8 to 10 
:V(!t, the drills arc (i feet a|)art, while in i)oor land and at 
the Inuits of the cotton belt, 3 to 4 feet i.s snflicient. 
l ids space is necessary for weeding and picking piir])oses, 
s'l tlij't th (5 labourers can ))ass lictween tlic I'ows. 

cotton-plant is particularly su-sccptible to damage 
by frost, and heiiec the greatest citre has to be e.xcreised in 
planting the seed so that it shall not he injured liy late 
frosts, which are as fatal to the young jJant as early 
frosts^to the qtantity of cotton which can he gathei'cd 
when the IkiIIs are rijic. W'here scientific cotton-growing 
is practised, hand-.sowing is now abandoned, and various 
forms of machines are used, which deliver the seed, and 
cover it, when deposited in the soil. The same machine is 
also, in many cases, arranged so as to deliver a quantity 
of fertiliser at the same time. In moist warm weather 
the seed germinates rapidly ; and on a large farm the seed 
first sown is frequently above the ground liefore the last 
seed is planted. The average time, in genial weather, 
may be taken as about a week. The young plants appear in 
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a long rCgiilar line, and any spaces where the seeii may*not 
have germinated are replanted at once ; and as more seeds 
are usrfally sown than are re*quired, the anperahundant 
plants arc chopped out with the hoe, and thos« only left 



no. 11.- VouB)! tVittim I'laiit. 5 tlie natural size 


A. Tap root. 

IJ. Secoinlary rnttl.. 


I.>. Ilyporotylt'tloiiary 
stem. 

E. Pruiiaty axis. 


F. (-otylo'lonh. 
(1. Tni«‘stem. 
Jl. Tiuisli'af. 


which are about 12 to la inches apart. This is 
always done by manual labour, as skill has to be exercised 
in leaving the most vigorous plants, and they are never 
thinned until the plants have made three or four leaves, 
and attained a height of 5 or C inehes. Fig. 14 shows 
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the young cotton plant, in two of its earliest sta/os—the 
first when the jdant is just a few inches above the ground, 
and when the stem is oidy surmounted l)y the two cotyle- 
donous^ leases, befoia- their stalks are developed; and the 
second when thi' ])lant is aliont three and a half weeks old, 
when tho triw stem^as grow7i fi'om theprimaiy a.\isand the 
first true loaf and a leaf hutf has appeared. This ])eriod 
in tlie history of the plant is one of great anxiety to the 
planter. A few nights of shaip frost may necessitate the 
plougliing up and replanting of the whole field. In the 
United States warm moist days and inghts aild, when 
aftei'-conditions are favoiiratde, several millions of bales 
to the crop. Too much rain encourages the growth of 
Wce.i Liiid undergrowth, and constant attention lias to he 
pail' to the cleansing of the land hy hoeing and jiloughing 
between the furrows, so as to give snjiport to the 
glowing plant without interfering with the freedom of the 
roots. 'I'his comstant attention has to he continued during 
tile '.v'lole period and until the time of maturity is reached. 
Tt>e soil has to he kept free and o]icn so that any moisture 
in the air finds its way into the soil, 11 s iluriiig June and 
July this very materially benefits the crop. For the 
promo^on of th8 best growth of American cotton an 
increasing temperature during the jieriod of greatest 
growth is necessary ; and Dr. Wright is of opinion that the 
reason why, when the American seed is used in India, it 
fails to produce the same staple as in America, is because iti 
India, during this period, there is a decreasing tcm(ierature. 
Perhaps this accounts for the character of the Indian 
cotton. Maturity usually occurs about the middle of July, 
and from then until the picking, commencing in August, 
the land needs little attention. During this period there 
is usually a fall in the temperature, and every endeavour 

K 
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is now •made to dry iij) llie tnoisture and harden the, soil, 
so as to sustain the weight of the f\dl-grown j)lant and 



Fi(5. 15. —(Jottoii Plant. (hiaU‘ + in. - 1 fool), .sliowinj^ Hud, Flowt'r, 
nnil o|ieii Holt. 


prevent any growth except seed and lint. The first buds 
usually .appear about forty days .after the young plant 
appears above the soil, and the bud opens and the Howor 
expands about twenty or thirty days after the first showing 
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of tiio bud. The plant has’now attained maturity, Although 
■with favourable weathei' it continues to grow in size, and 
pi'oduces a further crop of fiowers and bolls. At tlfis stage 
the plant presents an ap])earance similar to the illustration 
•seen in Fig. l.'i, which shows the ))lant in bud, ilowei-, and 
with bolls partiw’and completely open so as to .show the 
escaping cotton fibre, whiclwtorins a white ilufi'y boll ; and 
the, general appearanee of.a cotton field, when the crop is 
ready for gatlnn’ing, can be seen represented in Fig. Ifi. 
'Pile dower, which varies in colour from white to red, 
remains open from three to four days and then drops oil'; 
and the boll or I'apsule <mvcIojied in the calyx increases in 
size for fj'om fifty to sixty days, when it reaches the 
dimensions of a small hen's egg, which bursts by the 
growth of the cotton lint enveloping the .seed ; and the 
fibres, released from the, boll, swell .and expand into a large 
fhiffy ball; and the fibre, dried and matured by the sun and 
air is ready for gathering. When the boll bursts it 
exjioses three to five cells containing the sccd.s, which are 
covered with the cotton filaments, which are fii'mly attached 
to the surface of the seed, ami longer at the end farthest 
from the root-point of the seed. The seeds vary in 
numbji' in each jlod from thirty-two to thirty-six. 

Although many attempts have been made to introduce 
machinery for jiicking the cotton in the field, none can be 
said, so far, to be very satisfactory, and the bulk of the 
crop in all countries is hand-picked. This is the busy- 
season, as all must be gathered in as early as possible 
after the lint is ri])e, as early frosts may damage it and 
thus reduce the crop which can be gathered in. In 
ordinary seasons the fields are usually picked three times 
over. First in August and September, then again in 
October, and if the weather permits in November, and as 




Fig. 16.—Cotton Field. Photograph taken dnring the picking season. 


200 H)s. oil the average on poor land, from 200 lbs. to 2S0 
on rich land. 

Ginning. —Before the cotton can be compressed into 
bales so as to be sent to market, the lint or fibre must be 
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se))arate(l from the seed to which it ia iitbiched, as it comes 

from the field. This procSss is called “ginning,” because 
the muchiae which accomplishes thi.s is called a gin, and 
this hSs entirely siiperaeded the haiid-]iicking. The seed 
cotton, as it is pinloal from the tree, contains only one- 
third its weight aS fibre, as. the seeds themselves weigh 

t 

two-thiids. 

Oinning i.s the first mechanical process to which tin; 
cotton IHn-e is subjected, anil it will be easily understood 
that it is one of the moat important, because, as the fibres 
are firmly adherent to the siirface of the seed, it I'eipnres 
a certain amount of force to detach them, and as they are 
von delicate in structure and easily injured, unless this 
jorcc is tem[)eied in some way the fibres may be torn 
.iwa> ir.cgularly and their texture injured as well as their 
strength impaired. If the operation could be perfectly 
pjrio”med the filire would be removed without injury 
(ith. r to the sta]>le or strength, ami also without injury to 
the seed whicii, if violence is used, is apt to be broken 
.![); and .small pieces with the as.sociated undergrowth of 
downy hair, which are of no service in spinning, are carried 
along with the ^nt and are difficult to remove in the 
manufacturing process. No machine, however, has so far 
heen devi.sod to accomplish this without one disadvantage 
or another, and it cannot be expected that this will ever 
be done, from the following considerations. No two seeds 
are exactly alike in size or in the same degree of ripeness. 
The fibres of lint are also unequal in many resjiccts ; they 
are not of the same length or equal strength or equal 
diameter, and some are more finely attached than others; 
and frequently, also, there is more or less entanglement, 
which interlocks the fibres and specially where parts may 
not be fully ripe, and so they cither come away in lumps 
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forming what aro calleil “neps," or are l)roken up. 'No 
mechaiiical moans can meet all ihe.sc difficulties at the same 
time, as no setting of rollers or “doctor kniver” or grids 
ran meet ev<‘ry case, and general results, therefore, ure all 
that can possibly he attained, and cai-e taken that the 
means enniloyed shall be sueh.iis to reduf-e all contingencies 
which may cause damage to a minimum. 0 nforUinately 
some of the gins employerl nnght have been specially 
designed to do the maximum damage, ami these arc very 
slowly superseded by those! of better comstruction. 

Saw-Gin. —There are thi'ce kinds of gin in general 
use, the one which was invented as eaiiy as 1794 hy Kli 
Whitney, and wddeh is known as the saw'-gin, b<!ing almost 
universal in America cxc(!pt for Sea Island cotton. The 
general principle.s of this machine may be described as a 
series of saw-toothed discs, which form a cylinder like a 
number of line eircidar saws, with an intcrv.al between 
each and threiidod on to a revolving shaft, which is usually 
ijquare in section. The toothed ]>art of these discs 
protrudes through a grid into a chamber filled with the 
unlinted cotton seed. The bars of the grid are as wide as 
the interval between the saw discs, allowipg a small margin 
for clearance. The lint Inicomes entangled in the* teeth, 
.and is torn fTom the surface of the seed and drawn through 
the grid, where it is removed from the saw teeth by a 
revolving stripping brush, and carried .away to a condenser 
or receptacle hy suction of air. The seeds which remain 
behind are now a valuable asset to the planter, as they are 
rich in oil, and are made, after the oil is extracted, into 
cattle food and other products. 'J’he lint accumulated in 
the condenser is ready for baling. Fig. 17 , which is a 
rough diagram of the working parts of this gin, will make 
this description quite clear, where A, A are the circular 
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.seri'ilted discs or saws; B, the grids throiigli wdiich the 
saw passes ; I), the hopper *vliich liolds the uiiliiited seed; 
K, the gri(j which forms the f)()Uoni of the hopper and 
throHgJi which the seeds, after the lint is removed, fall into- 



Fh'. 17.—Hvftioii r»r Siiw-(Jiii. 

A. Saw i-ollo liihCS. 0. K. (m seot 

B, IJ. Shw p-ids. K. (trill ill litittofii 1)1'U<i|ipi'r. (!. Cliduiiijt linihli. 

II. KMiau.st fiiii trunk. 

the receptacle F: If is the revolving hrnsh which clears 
the lint from the teeth of the .saws A, A; and H is the 
trunk through which the treated cotton fibre is sucked 
fonvard by a fan into the cotton room ready for baling. 

It will be readily understood from this how such a 

delicate structure as the cotton fibre can be seriously 

injured and its strength impaired by such a process. 
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unless liJie utmost care is exorcised in the settiii" of the 
saws and grid, and ai7-anging, that the sj)ced of the savi 
teeth shall not he too gi'eat so as to violently snatch the 
hhre from the seed. Also that the teeth are not top sliai-ji 
so as to cut the fibre, or the 'oid too liylit on to the sides 
of the discs, so that it is doubled U[i,' and broken and 
strained, anil nejis and stringy cotton jirodneed. Mven 
when the meehanieal parts of the gin are all correct, the 
state of the cotton must he taken into account, because, if 
the cotton is too dry, it will be broken uj), or if loo w ct. 
cannot be drawn thningb tlio bars jiroporly, or clings to 
the saw and is damaged by the cleaning roller. Un¬ 
fortunately, all these advei'se cirenmstanees freijuently 
occui', and especially at sonic seasons, and the reason why 
these details are narrated is because almost all eotton 
which is treated liy the saw-gin shows, when carofnll) 
examined, damage from one or more of those causes. 
Looking at the saw-gin from a scientific point of view it 
seems almost impossihle to devise a machine more adapted 
to injure the lint, and it causes much astonishment that 
such an anti()na(cd macliitie should still ho used. 

Fig. 18 gives an illiistratioii of a few fihrc.s damaged 
in tfiis way; some, of the tilires liavo spfit edges aid are 
torn through in the thinnest part, some are entirely 
severed and left with ragged ends, while others are doubled 
up and creased until fracture has occurred, which is a clear 
indication of trapping. This damage occurs more in some 
seasons than others, probably arising from the cotton 
being either too dry or too wet, hut it may bo found in 
any season in some parts of a bale of American cotton, 
fiimilar damage can occur in the carding inocess, where the 
eanls are in a bad condition, but when the damage is 
visible before that operation, it can only arise from bad 
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ginilinf,'. This seriously ilcprcciatcd the. value of any 
cotton, as it is iinpossihlc tto make even and strong' yarn 
out -of it. This seldom occurs cither in iSca Island or 
K!;yi)t4an cotton, and also, although the fibre is much 
(■oa.i'.s(;r than Amciican eol.lon, it is almost entirely absent 
in Surat colton.* • This arisjjs from the fact that these 
cottons are almost univers.llly ginned liy the use of the 
other' ]iroces.s, viz. the Iloller-tlin. If it was not that 



Pig. 18.—Cotton KibnN. x ZOO ilianirtcrs, Jliuiiagol liy .saw-nin. 

• 

cotton can bo rusiied through the saw-giti at a much 
higher rale than the roller-gin, it is possible that the roller- 
gin would be much more extensively tiseil. Speed is a 
most important factor in the determination of the injury 
to the cotton ; and it is in the busy season, when speeds are 
often increased to far above the strfcty limit, that the most 
damage is done. No after jirocess can remove it, and, 
indeed, such cotton is deteriorated further in every process 
through which it is passed, and tends to cause injury to 
the undamaged cotton with which it may be associated. 
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In stenm ov water driven saw-gins, as recorded liy'Mr. 
C. P. IJrooks of Iiowell, Mass., in ids work on cotton, a gin 
with sixty saws will turn out •'iOO Ihs. per h(jur, Imt he 
adds, “The staple of the cotton is much hotter if ginned 
slowei- ” : and this further, that in the press of the season 
nmch larger (juantities are g()t through in the same time 
with consecpiently greater detcfioi-ation. 

Macarthy Gin.- To remedy the defects of the saw- 
gin, a machine was devised by an inventor whosvi name 
it hears. In this machine the saws ai’e entirely done away 
with, and the construction .is as follows. A loiither- 
covered roller is caused to revolve close to the edge of 
a grid, the same width as the roller, and which grid forms 
the bottom of the hopper into which the unlinted s(nsl is 
fed. A reciprocating feed-bar, the width of the icdler, 
pushes at each recijirocation the unlinted seed against the 
rolhu-, a little below the horizontal centre line of the half 
circle of the roller. Immediately above the centre line an 
adjustable “doctor” knife is placed, so as to hold back the 
seeds when tlic lint is carried up under it by the revolu¬ 
tion of the rough leather-covered ndler ; and on the far .side 
of this roller, opposite to the doctoi" knife, a stripping bar 
or dofl'er removes the lint from the roller in a conttuuous 
film ready for packing in bales. The edge of the grid does 
not touch the. leather roller, but leaves a small interval. 
This interval is fille<l by a small beater blade, which is 
actuated from beneath the grid by a reciprocating aim 
swivelled to a radius bar which prevents the beater blade 
ever coming into contact either with the edge of the grid 
or the surface of the roller. The motion of this boater 
b!kde being vertical, and that of the feed-bar horizontal, the 
seed, when the lint is caught by the leather roller and 
passed under the doctor knife, is rapidly beaten in two 
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(lire'tions, and so the lint is more easily detached. This 
I'emoves many of the defectSi of the savv-jiin, but unlpss the 
moving aiyl fixed parts of the machine are perfectly 
adjusWd to each other and to the cotton to he ginned, 
damage is still a necessary result; and where to increase the 



output aud to remove the excessive vibration two beater 
blades are employed, which rise and fall alternately, and 
so balance their motion, an additional source of possible 
injury is introduced, although not so serious as when the 
saw-gin is employed. 

The structure of the Macarthy gin will easily be under¬ 
stood by reference to Fig. 19 , which gives the essential 
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mechanical foalnros in a dia^rammalic fonii. A is a 
rough Jeathor-covored roller wfth a doctor knife, B, on one 
side, and a dolliiig or strijiiiing bar on the otligr side. A 
steel blade, F, i.s actuated by means of a connecting fod, N, 
by mcan.s of a crank, U, on tbe drivijig sbaft. li is also 
fixed to a rod or bar (!, which is centred at H. The seeds 
are acted upon by the i’ai>id reciprocating motion given to 
the heater blade by the crank. The repeated blows which 
they receive soon .sepirate them from the fibi'es, which are 
carried forward whibi the seeds f.all Oii the grid T, through 
which tb(!y pass to a suitable TOC(!pta(!le. It w ill be observed 
that F is gidded in its j)ath, which is a portion of a circle, 
having II as a centre, through its connection with the bar 
( 4 . This bar is also used to adjust tbe distance; of the 
blade from the leather ndler, according to the .size of the 
seeds. For this purpose the ends are screwed and fitted 
with adjusting nuts, which also lock it in position, when it 
is once set correctly. 

Th(. Iciiife-wllcr ijiii is constructed with either single 
or double leather rollers, and, as the name implies, the 
fibres are not torn from the seed by the teeth of revolving 
saw.s, but drawn off over a knife edge b^y the iiction of 
rollers which draw off the lint. This is simply aSnore 
mechanical method of doing in the same way what was 
done by very crude and })rimitive means in India long 
years ago. 

The Indian gin simply consisted of two I'ollers of 
different diameter revolving with different speed; and the 
seeds held back by the slower roller bad the lint removed 
by the other roller, and collected on the far side. 

Knife-Roller Gin.— This form of gin seems the least 
objectionable from a mechanical point of view. Its 
construction and action are as follows:— 



IV HISTORY, SOUI^CEsl AND 'botany Ol- COTTON 5i 

roller is constructed' witli ii Series of steel knives 
wraiijied round its circunifcroncc, and revolves at the 
hottoni of a hopper into which the nnlinted seed is poured. 
These kniwis are not, however, concentrically parallel with 
each other, hut wavy', like the detached threads of a 
non-contiiuious aijrew, so that when the roller, round the 
eireiinifcreiice of wliich they ific wrapped, is revolveil, there 
is a oentle from side to side motion. A leather-covered 
roller revidves in the same direction as the knives, and 
catchi’S ‘the fihres of the seed. A doctor knife placed just 
lielow the horizontal half of this roller prevents the seeds 
following the lint, wdiich is removed hy a strijiping har or 
doft'er at the side opposite to the doctor knife, and the 
seeds fall through a grid henealfi the knife ridler into a 
suitable receptacle. 

'I'he e.sseiitial parts of this machine are given dia- 
gramniatically in Kig. 20. A i.s the knife roller, seen 
in Section in the top di.agram, and the plan below shows 
vile curvature of the knives 1:1 H II wrapped round the 
Imdy of the roller (1. They are each separate and 
continuous round the roller, and not spirally, like a screw 
conveyor, so that when a seeil is caught in between the 
blades it is simply moved to and fro by the curvature of 
the knives, and always remains between the stinie two 
blades until it is dclinted, ami then either jiasses through 
or over the far edge of the circular gri<l C. E is the 
rough leather-covered roller against which the doctor 
knife 1) is adjusted, so that the lint is carried forward 
round the circumference and stripped by the doffing bar F. 

For long-stapled cotton the single-roller gin is employed, 
and this is used universally for Sea Island and Egyptian 
cotton, and Mr. P. C. Brooks says the production of such 
a gin is from 70 to 90 lbs. of fibre per hour. 'I'here is a 
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single-roller double-itction giii made which answers^ well 
for short-stapled cotton, and specially those, having a 
woolly or green seed, and this is the favourite gin for 
Indian cotton, and gives a production of alrout 45 Ihs. 
per hour. Tlie donhle-ruller gin can ho used either for 



Kuj. 20.—Section ot Working Parts of the KjiiiV-Uoller (Tin. 

A. Knife*rollcr. E. IIoukIi Icathor-eoveml rolled 

JJ. ilafk of F. Dofli*!'or stniiiier. 

(1. iuk]*'!' kinli'-toilf*! G. Kiiirc-rnlliM'in plun. 

h. Do«-lui kinfe. H Curvcl kniveH on tollej (i. 

long or short staple, and will turn out 95 to 120 lbs. of 
short-staple cotton per hour, or 120 to 140 lbs. of long- 
stapled. The late Mr. Edward Atkinson of Boston, who 
was chairman of the New England Manufaeturers’ 
Association, made a series of experiments on the ginning 
of cotton, and its results he gives as follows: “ Cotton 
from the same field is stronger when ginned on a roller-gin 
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thiu^ when ginned on ;i saw-gin; and while the expense of 
roller-ginning is rather grejitcr than saw-giiitiing, there is 
no doubt that roUcr-ginnei*! cotton is more valnaWe, and 
would liriitg a higher price in the market, if a supply of 
roller-ginned American cotton were available, as it will be 
at once seen liorj' the tugging of a saw at such delicate 
fibres as those of cotton mu^tfhreak the filament.” 

Botanical Relations. —The cotton-plant belongs to 
the natural order Malvaceae or Mallow family, of wdiich 
the mai'sh mallow is a familiar example, atid the specific 
genus to which it belongs is cidlcd (hist^ijjieiiiii. 

No plant responds more *l•ciulily to change in condition 
in regard to environment, soil, climate, and cultivation, and 
hem e the varying form which it presents as being a 
perennial in the tree and shrub form, and annual when 
herbaceous. This great variation in habit and appearance 
renders it extremely difficult to ckussify the various .species 
which are known, but they all have botanical characteristics 
m common, and these may be generally stated as follows, 
and the enumerations of which are taken from the 
monograph on the cotton-plant issued by the United 
States Department of Agriculture. 

Oossi/pcuiji, herbaceous, shrubby or arborescent, i^er- 
enniaf but in cultivation herbaceous and annual or 
biennial; often hairy, with long simple or slightly branched 
hairs, or soft and tomentose, or hirsute, or all the 
pubescence short and stellate, rarely smooth throughout; 
atoms, branches, petioles, peduncles, leaves, involucre, 
corolla, ovary, style, capsule and sometimes the cotyledons 
more or less covered with small black spots or glands 
Roots tap-rooted, branching, long, and penetrating the soil 
deeply. Stem erect, terete, with dark-coloured, ash-red, 
or rod bark and white wood, branching or spreading 
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widely. Branches t(k'(;te or somewhat angled, ereyt oi- 
spreading, or in cultivation sometimes very short. Leaves 
alteruhte, petioled, cordate, or sub-cordate, 3- to 7- or rarely 
9-lohed, occasionally some of the lower and Tii)per ones 
entire, 3- to 7-veiried. Veins branching and netted ; the 
mid-vein anil sometimes adjacent ones bear a gland one- 
third or less the distance "fyom their bases, or glands 
may be wholly absent. Sti|ndes in pair.s, linear lanceo¬ 
late, acuminate, often caduceous. Flowers pediincuhite, 
peduncles sub angular or angular, often ihiekened towards 
the ends, short or very short, erect or spreading; in fniit 
sometimes glandular, bearingh leafy involucre, involucre 
.3-leavoil, or in cultivation .sometimes 4; bracte.oles often 
large, cordate, erect, appressed and spreading at summit, 
sometimes coalesccnt at base or adnate to the calyx, dentate 
or laciinate, sometimes entire or nearly so, rarely linear. 
Calyx, shoit, cup-shaped, truncate, shortly O-dentete, or 
more or le.ss .'i-parted. 

Corolla hypogynOUS, petals live, often coalescent at 
base and by their claws adnate to the lower part of the 
stamen tube, obovate, more or less unequally transversely 
dilated at summit, convolute in bud. Staminal column 
dilated at base, arched, surrounding the ovary, ^naked 
below, above narrowed, and bearing the anthers. Filaments 
uumeron.s, filiform, simple or branched, conspicuous, 
exserated. Anthers kidney-shaped, 1-celled, dehiscent by a 
semicircular opening into two valves. Ovary sessile, simple 

to ,‘j-celled. Ovules few or many, in two series. Style 
clavatc, 3- to .^)-partcd; divisions sometimes erect, some¬ 
times twisted and adhering together, channelled, bearing 
the stigmas. Capside move or loss thickened, leathery, 
oval, ovate acuminate, or sub-glubose, mucronate, locu- 
licidally deluscent by 3 to 5 valves. Seeds numerous, 
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subgliiliosd, ovate or suli-ovate, oblong or angular, densely 
covered with cotton or rui;cly glabrous. Fibre sometimes 
of two kinds, one short and closely adherent *to the 
seed;, the other longer, more or less silky, of single 
simple flattened cells more or less twi.sted, more readily 
separable from seed. Albumen thin, membranous, 
or none. Ootyledons iilicate, auriculate at base, enveloiv 
ing the straight radicle. Under the influence of variation 
in climate and culture all the Gossypise are prone 
to run into varieties, and hence, where Linnmus only 
described three and recognised five, a recent monograph 
issued from Kew, hdu kfiwemU, recognises forty-two 
species, and mentions eighty-eight others, which are, how¬ 
ever, mostly synonyms of species in common cultivation, 
many of v'hich are included in the forty-two. 

hbr practical purposes and including all the species 
w hich are commercially valuable, the classification adopted 
bv I’rof, ssor Parlatore, an Italian botanist, may be taken 
as .snfl'cient, and he came to the conclusion that there are 
only seven primary species of cotton, and all the rest are 
only varieties of them. Ho classed them as follows :— 

1. Gtmyiiitiim arlmevm, Linn., found in Ceylon, the 
Moluqjias, Arabia, Senegal, etc. 

2. Gonsypeum herbaceum, Linn., growing in Siam, China, 
India, Italy, etc. 

3. Gossi/pewm mfdwkheiisc, growing in the Sandwich 
and adjacent Islands in the Pacific Ocean. 

4. Gimypmm Idmulum, Linn., including Siamese, Bour¬ 
bon, Upland Georgia and Louisiana cottons. 

5. Oosm/pemi barhadeim, Linn., comprising Sea Island 
and Barbadoos cotton. 

6. Gussypeum lahitense, growing in the Society Islands, 
Tahiti, etc. 

F 
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7. Gossi/pemi riliiimiiin, Linn., including Pcru\'ian and 
otliei- ciitlons with .seeds in adherent files. 

Miuiy competent hotanists, however, are of opinion 
that there are only four piimary species, and all other 
forms are only varieties of one or other of them. 

They are: - 

1. (/'issi/jii'iuii (irlimriaii. 

2 . Gosuf/jH'iiM h/ rhaniiiii. 

Gu^viipniiii periii'uiinim. 

4. Gdssi/peim liiiftnulnne. 

Goxsyprjjm iirhuirum is found extensively distrihuled in 
the Asiatic cotton licit, and forms a hardy ti'cc-like ])lant 
growing to a height of from 15 to L'O feet, which in the 
wild or uncultivated state is perennial. 'J'he flowers are 
purple or rose-coloured, and usually have a largo dark purple 
spot at the base. The fibre |)resents two fonias, one with 
long (about an inch) and .silky fibre, overlying a .short dark 
green or almost black down. Litfle of this cotton is, 
however, [iroduced; and according to Watt, as it is usually 
found near temples, and in ganlens where it flowers most of 
the year, and the use of the fibre is said to be restricted to 
making thread for the turbans of the priests, it is known 
as Gossypeum riiiyiosum. ^ 

Gossypmm hcrbaceum is also a native of Asia, and some 
botanists are of opinion that Gossi/pemu hirsiUuiii is only 
a variety of this species, since the variations in habit and 
structure are very slight. All botanists think, that although 
very similar, lierhacrum is of Asiatic and himdum of 
American origin, and originally confined to Mexico. All 
the Indian cottons such as Surat, Hingunghat, Uroach, 
Tinnevelly, Dhollcrah, Amrawuttee, etc., belong to this 
species, and all the native African cottons. From the 
former the Indian or Surat cotton is derived, and from the 
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latter most of the cotton from the SSuthcrii ITnitcd States 
known as Ujjlancl cotton. The plants seldom reach a 
lieight of more than 7 feet, and hear a white or’yellow 
dower wirti a purple spot at the htise which heconies 
reddisli at maturity. The dlire, when cultivated, is long 
and silky, .and alipig with it there is .a considerable lunler- 
growth of fine down. lij'many districts this species 
becomes very shrubby in habit, and very hardy in con¬ 
stitution, so that it nourishes well umler a wide variation 
in condition, and can be cultivated in a wider range of 
latitude than any of the others. 

(lasxtipi iiiii jin tiri{iiiiiiii is Indigenous to South Americ.a, 
as the name indicates. The dowers are yellow likt^ 
diixfiijii'itiii hurhaileiixe, and the pods (tach contain eight or 
ten black s(^eds arranged in adherent files, and the fibre is 
...trnng and coarse, ami s[iecially in what is known as rough 
f’cmviaii. The jdant, though shrubby, is idinost arborescent, 
as it >e.achcs it height of from 10 to In feet. The fibre is 
.strong and robust, and poitsesses a considerable reluctance 
to torsion, so that it is valuable in imjtarting to yarn spun 
from it a “ loftiness ” of character in the yarn which enables 
it to “ fill in ” when made into goods, which is of great 
sidvaidage in many cases where apiiarent substance has to 
1)0 combined with lightno.ss in weight. 

(liisnyjjifAim bnrbadcmi' is the most valuable of all the 
species, being that which produces the long silky-haired 
Sea Island cotton. It has a yellow dower, and the seeds 
are small, black, ami quite smooth, and remtirkably free 
from all iindergrowth of fine short hairs, which in some 
•species detract from its value. Tho.se botanists who arc of 
opinion that (JoSKt/jieiiiii hintidum is of American origin 
and not of Asiatic origin believe it to be only a variety of 
this specie.s, from which it is easily distinguished, by having 
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a white or faintly primrose flower and a hairy or woplly 
seed. The colour i.s a light cream, and it is di.stinguished 
for the length, fineness, and evcnne.ss of the fibre, and for 
the number and uniformity of the twists, which 'are. jjreater 
and mole regular than in any other variety. The fine 
Egyptian cottons known by various names, such as Gallini, 
Ashmouni, and other fine graifgs, arc grown from this seed, 
and have a darker shade of colour varying fi'om golden 
straw to dark browm, although some botanists are of opinion 
that the bi'own cotton is a native and not an imported 
variety allied to f.Vssvpcnwi hcrburetim. It is found, how¬ 
ever, that the same seed grown in different districts in 
Egypt assumes a different colour in the lint. The white 
Egyptian cotton is mostly growui from the same seed as 
the Upland American, which is a variety of Gimypeum 
hirsutum. 

Altbougb these botanical divisions are of great interest 
from a scientific jioint of view, from a commercial stand¬ 
point the division of the cotton-plant, as grown in different 
parts of the world, may be said to present three ditt'erent 
characters, viz., herbaceous, shrub, and tree cotton, and 
from one or other of these the world’s crop is obtained, and 
the differences in the various characters of the fibre present 
similar peculiarities from whatever source they arc derived, 
differing only in degree. These differences are of great 
value in determining the purposes to which they can be 
applied, and the character which they give to the yarn 
and goods made from them, and these will be considered 
later on. 

Improvement of Cotton.— The cultivated cotton, as 
derived from any of these sources, is very different from 
the product of the wild plants from which they originally 
sprang. As in the case of all scientific culture, great 



IV HISTORY, SOVRCES, ^ND BOTANY OF COTTON 69 

imjfrovement of every jiart of the jn'oduce ami structure of 
a plant may bo attained l)y careful attention to the selection 
of stock and the jirovision of suiiahle soil and environinent. 
No jitant responds to these conditions more readily than 
the cotton ])lant, and the whole character of the form, habit, 
and pnxluce of ^ecd and lint may he greatly modified 
and imju'oved by alteration in soil, climate, treatment, and 
fertilisers during evmi a few successive crops. The converse 
is also nnfortunatoly true; and no [dant deteriorates more 
rapiilly than the cotton-plant, and with it the character of 
the lint, when proper and (dKcieut cultivation is niiglected 
and the soil becomes impoverished through want of 
artificial manures. This rapid response to changed con¬ 
ditions is therefore not an uiinii.\od benefit, because it 
lauises those variations in the character of the crop from 
year to year, which render it impossible to produce exactly 
the same ipiality of yarn and goods without a continuous 
readjustment of ijualitics in the commercial standard. 
This is well known to both masters and men in the manu¬ 
facturing districts, and is often the sourcc^f both annoyance 
and loss; as the crop of one season often makes more waste 
and spins worse than that of another, even where the 
appearance of the cotton seems to be the same, because tlie 
fibres are less robust and weaker in strength, and the 
difference in value between the same standaiils, in different 
years, is often much greater in proportion some years than 
others. This is causing attention to be drawn to the fact 
that cotton is capable of being rendered more immune to 
climatic variation by cross-fertilisation, in the same way 
that the proper selection of sire and dam and the introduc¬ 
tion of fresh blood by the cross-breeding of different breeds 
of sheep has enabled the farmer to greatly reduce the 
variation of wool from the same sheep, during different 



70 


.COTTON.F/PKE 


I'llAP. 


seasons, and produce a sln!oj) iniiro fixed and stalde and 
hardy in eharacter. In i-clation to the cotton-])lant there 
are four ways of acconiplishinf; this, whicli closely cor- 
resjiond to the nielhods adopted hy the sheep fanner. 

1. Selection of the best individual plaints for the origiiad 
stock. ^ 

3. The selection of the seed from th(! earliest maluriug 
bolls of the respective plants. 

3. The planting of the seed in suitable soil artificially 
fertilised. 

4. Cros.s-fcrtili.sation with other species, which possess 
the ipralitics desired to be iniroduced. 

1. In every cotton-field there wilt be noticcil a con¬ 
siderable difference in the appearance of the individual 
2 )lants, although they may all be derived from the same 
class of seed, and have l>eeu sown at the same tiiiuL Some 
of this variation may be accounted for by local variation 
in the soil and moisture, but in general it is the result of 
more robust and vigorous growth on the jiart of the 
individual [dant, and shows itself in the strength of the 
stalk, the size of the leaves, and the exuberance of flowers 
and bolls. These jdants usually flower earlier, and the bolls 
and lint matuio earliei- and more simultaneously than those 
of the weaker plants. The seed gathered from these jdants 
usually transmits more or less of the eharaeteristics whieh 
distinguish them to the next crop, and by this means a 
considerable number of local variations in the plant have 
been obtained, especially in the TTnited States, where they 
are mostly known by the name of the originator who made 
the selection. 

In Bulletin 33, issued by the United States Department 
of Agriculture, above 120 of these improved varieties are 
named, each of which has superior qualities to the original 
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»t()(ik from which it was derived, either iiy liaving longer 
staple in the lint, oi' a larger production per shrub as 
measured hy the weight of crop per acre, or jiossossing a 
more oven sta])lo and less liability to shedding of bolls, or 
greater immunity to disease and the attacks of parasites. 
In some cases thflro was also an improvement in colour, and 
also an earlier maturity of* the cotton which enables it to 
be gathered, even if the fields are jiicked over more than 
twice, before the early frosts appear. In all cases, as a 
rule, the successive crops, if a continned selection is 
observed, tend to accentuate the advantages and become 
more fixed and ajiproach nearer to the desired standard; 
but unless constant vigilance and weeding-out is maintained 
deterioration is sure to set in, and the variety may “run 
out, ’ as it is.tennnd. The high jirice of cotton, which 
tends to encourage “ weight ” rather than “ quality,” 
greatly mitigated against the adoption generally of this 
high class culture, hut there can be little doubt, as has been 
pnncii at many experimental stations, that by this means 
ahme a much higher standard of cotton can be obtained 
with benefit both to the grower and consumer. 

2. Even when the seed is selected from the best and 
mosfivigorous parts, it is found that, as a rule, the best 
results are attained by taking only the seeds from the 
earliest maturing bolls which are collected during the first 
pickings; and the Bulletin 3.1 states that it is from this 
method of selection that some of the most famous of these 
improved varieties, such as “Drake Cluster,” “.Jethro,” and 
“ Southern Hope,” have been obtained, which are dis¬ 
tinguished by their early maturity, longer fibre, more 
uniform crop, and greater productiveness when grown in 
suitable soil with congenial fertilisers. This is really the 
selection of the best part of the best, and giving it the 
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highest culture .so .is to bring out the best that is in it, 
a maxim which ought to be laid to heart by all cotton- 
planters, and applies to erany country where cotton can be 
grown. , 

3. When proj)cr .selection has been niaih; of plant and 
seed, it is also nece.ssiiry to study the nature of the soil and 
manure best adapted for the fu'l development of the plant, 
hot!au.se the cotton-pl.'int responds very readily to change in 
this resjject. Many varieties, which in rich bottom land, 
river soil, produce a strong long-stapled silky fibre, entirely 
lose this characteristic when grown on poor lean soil, on 
upland hilly distiicts, where the mineral food in the soil is 
cither small in amount or unsuitable in form. The con¬ 
verse is also the ease, but not so marked, because cotton 
removed from a lean soil is apt to run more to plant growth 
than to improvement in the better characteristics of the 
better cotton, and can only have them restored or produced 
by a fresh |irocess of cultivated selection, lly judicious 
fertilisation with manure adapted to the soil, not only may 
the character of the fibre be improved, but the maturity 
of the crop hastened, and the period between sowing the 
seed and in-gathering of the lint so shortened that the 
geographical area within which cotton can profitably be 
grown can be materially extended so as to widen the cotton 
belt beyond its present limits. 

4. Sometimes, even when the best has been selected 
from any individual variety of crop, it is not enough, be¬ 
cause it may be of advantage to secure the good qualities 
of another variety so as to combine the advantiiges of both. 
Just as the cotton-spinner, in order to produce certain 
qualities of yarn, makes a “mixing” or “blend” of 
different characters of cottqp derived from various sources, 
so the cotton-erower can make a natural mixing bv cross- 



IV HISTORY, SOURCES, AND BOTANY OF COTTON 73 

fertilijjation of the ovaries or one species of plant bj’ the 
pollen of another variety, so as to obtain greater silkincss 
or more strength or earlier niaturity in the hybrid. *This 
•is freipKintljf done, and with considerable success, because 
the character of the generative organs in the cotton-plant 
renders this coinpaftijiively oa,sy. 

This jirocess, however, re(|Biros great care and jiatience 
and per-severance, as may be judged by the following 
extract from the Bulletin ;i:i. “Although cross-fertilisation 
i.s the surest methcHl in the production of new varictie.s, it 
is largely work in the dark, as the plants resulting from 
the crosses may fail to show the good qualities of either 
parent and have all the weak points of both. Out of a 
hundred crosses, it is seldom that more than one or two 
plants will show the combination which is desired, and 
even when a promising plant does appear, its character is 
not yet fixed, and several generations must be grown before 
it will .issnme its ])ermanent form and demonstrate its true 
value. Although the plants from a single line of crosses, 
as fertilising ‘I’eterkin ’ with ‘Allen,’ will vary rvidely, still 
it ip a general rule that the character and the habit of the 
future plant will be that of the female parent, while the 
lint, til* boll, and its contents will be more like those of the 
male parent.” Even when all this is done it will still be 
necessary to exercise plant selection as in the first method 
of improvement and careful cultivation to secure the best 
results. The introduction of cotton-planting over a wide 
area of the British Empire, which is at the present time 
attracting much attention, affords a good opportunity for 
inculcating the lesson that where comparatively small areas 
are under cultivation and the distance from the market 
often great and means of transport small, it will pay best 
ho study quality rather than quantity, as even under any 
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ciieumstiinces this will give a picferencii in the market, 
and thus in had times and when prices are low, secure a 
greater stahility in regard to readiness of sale, which is 
always a great advantage, and specially in new lountries 
where capital is not very almiidant. 






(!lfA?TER V 

ORIGIN AND DEVEJ.Ol’MKNT OF THE 
CXITTON FIBRE 

The story of tlic origin ainl development of the cotton fibre 
is i-enilv the history and development of the flowering part 
of the plant, from the bud to the full development of the 
boil and the liberation of the cotton fibres. 

Wild Cotton. —A variety of wild cottons are found 
both in she Old and New Worlds, and while the fibres are 
coarser than in the cultivated cottons and possess less of 
the characteristic twist, they all seem to have, as pointed 
out by Sir George Watt in his classical work on the Wiltl 
iiiul OMimili’d CoUoHx of the Worh! (Longmans, London, 
1907), a red-coloured woolly coating on tlie testa of the 
seed. In some this assumes the condition of a short dense 
velvet, called the fuzz. In others there are two coats of 
fibre, an undercoat, the fuzz, and an outer coat, the true 
fibre or floss. In one variety there is no fuzz but a distinct 
floss. In the fuzzy-seeded cottons it is difficult to separate 
the floss from the seed, but in the naked-seed variety this 
is easily accomplished. These peculiarities. Sir George 
believes, are almost sub-generic in value, and there exist 
several purely wild cottons of each class, as well as many 
75 
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cultivated varieties. Wiki naked-seed varieties Seldom 
exist in countries where there are fuzzy-seeded cottons, and 
the variahility of a fuzzy-.seeded into a naked-i^eoded variety 
is a certain j)ro()f of hj'bridisation—a case of reversion. A 
tinge of reddish shade in the flo.ss is a characteristic of all 
wild cottons, and where it aj)[>ears in the cultivated varieties 
it is also a cjcse of reversion. * 

Botanical Relations. - Taking the American Upland 
cotton, Gosajipaim Imldcmm, as the tyjie of tlui cultivated 
variety, to relate the history of the fibre, it is necessary to 
note that the earliest iipi)earance of the bud, or sijuare as 
it is termed, is usually on the average abmit forty days 
after the plant first appeaia above the soil. It takes its rise 
from the tree stem and its branches, as a rounded swelling, 
which most frequently occurs, but not always, at such points 
on the shrub as form a fork, or where they make a point of 
departure in a new direction, as at the joint whei'c the leaves 
are attached. The bud gradually swells and eidarges until it 
is completely detached from the branch except by a short 
peduncle or stalk. In its earliest stages the sepals which 
form the cidyx or outer envelope of the bud entirely over¬ 
lap each other and the bud, but can early bo distinguished 
by their deeply dentated or imbricated form •at the 
extremity. They are formed, as are indeed all parts of 
the flower, from modified foliar leaves, like the ordinary 
leaves of the plant, but simplified in structure and adapted 
to the means of reproduction. These sejials have the same 
vascular structure as the ordinary leaf, but have more 
simple ramifications; that is to say, that the xylem and 
phloem of the sepals, while con-esponding in position to 
the same parts of an ordinary leaf, have the mesophyl of 
more uniform parenchymatous structure throughout. Fig. 
21 illustrates these various stages of growth of the 
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cotton ^flower from the earliest Imd, 1, to 6, the fully 



Kro. 21.—Cotton Flower Bud. 

1. Bud 2 days old. ». Bud 10 days old. 5. Bud 20 days old. 

2. Bud 6 days old. 4. Hud 13 daya old. 0. Bud 25 days old. 


developed square ready for unfolding, at intervals of about 



78 


COTTON FIBRE 


CHAI', 


five days, when the sejiala aie just ojieniii^, and showing 
the tops of tlie petals enclosed within them whicfi form 
the fcorolla. 

All flow(!rs consist of one or nion^ scries of hrgans placed 
round the tip of a peduncle or pedicel which constitutes a 
doral pillar, while the organs are termed lloral whorls. In 
the case of the cotton floW(‘r it is what is termed “ com- 
|)lete,” because it contains tlie typical number of floral 
wdioi'ls arranged in symmetrical or<ler round the top of the 
floral receptacle, which forms the summit of the (lower 
stidk. These whorls differ materiall}' in tlicir structuio in 
the different parts of the 'flower, although they are all 
modified forms of leaf, ami their function is to enable the 
])lant to multiply by the formation and fructification of 
seeds. 

The Cotton Flower. —In the cotton flower, as in all 
complete flowers, these whorls are four in number, and arc 
arranged in their order from the outside to the central axis 
of the flower in the following manner. 

1. The calyx, as described above, consisting of separate 
sepals or leaves, which arc green in colour and are attached 
to the base of the floral pillar. They form an outside 
protective sheath to the young bud by overlappyig each 
other and folding together at the lop, and only open when 
the flower is ready to bloom, when they fold back so as to 
permit the petals of the corolla to expind. 

2. The corolla, or the true flower whorl, which forms 
the coloured part of the flower, and consists of petals, which 
in the cotton flower are usually five in number, and the 
object of which seems to be to attract the insects which 
ai-c necessary to assist in the fertilisation of the seed. 

3. The stamens, which consist of filamentous stalks, and 
which in the cotton-plant are fused into a ribbed vascular 
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tube, to which are attached the antlicrs bearing on their 
surfacb the pollen or fertilising dust. 

4. The innennoat whorl or pistil, as it is called, which 
consists ^1 a* bundle of vascular tubes coalesced into a 
pillar which forms the central axis of the flower. This 
part of tin, flower is.thc last to form, and is surrounded on 



Tio. 2‘1 ,— Loiif-iliuliniil Soctiou of Oottou Hiul. x 7 lUami’tfiN 

A. A)h'X (»f <lowi>r Ktalk. 1 >. J-'ilniiii'iitoiis stjiiiiidi xtiilk 

B. ^vary slxtwiiig Hiiptuni. wiili aiitliers nttacliHl. 

soiKils of culyx. E. PeUilx of comlla. 

F. PiKtil 01'Hlignia. 

all sides by the stamens, and exhibits the gresitest modifica¬ 
tion or departure from the ordinary leaf structure of any 
part of the organs. It is hollowed into a ca\ity at the 
base, the w'alls of which afterwards form the carpel or seed- 
case, which forms the ovary where the ovules or seed- 
germs are developed. From the walls of the ovary, the 
pistil rises upward by a tapering shaft or style, which 
terminates just above the level of the stemeus in an 
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enlarged knob or surface which has a pitted or rouj'hened 
summit called the stigma, and w'hich secretes a gummy 
exudation to which the pollen, when blown by the wind or 
carried by insects, adheres and thus secures tile fci^tilisatioii 
of the ovules in the ovary at its base, 

h’ig. 22 is an illustration of a y»ung cotton bud in 
longitudinal section and bdh)rc unfolding, in wdiich all the 
separate whorls of the flower are distinctly seen, closely 
packed into a compact form. Commencing at the bottom 
of the bull, it is seen severed from the stalk a little above 
the point of junction with the branch. A i.s the -eceptacle 
or the apex of the stalk to'which the whorls are attached. 
B is the ovary, with one of the division walls, or septa, 
distinctly visible, to which the ovules are attached in a 
double row, one on each side. The involuted edge of this 
wall forms the placenta. C shows the sepals which foim 
the enveloping calyx. E exhibits in section the petals, 
which form the second whorl, and which, being enfolded 
round the stamens, in this early stage, form a protective 
covering to the delicate anthers which are attached to D, 
the stamenal pillar or tube, which surrounds the pistil P 
with its terminal knob or stigma. 

A horizontal section of the flower, only rathe^" higher 
magnified, is seen in Fig. 23, where the section is taken 
through the floral pillar just at the Irase of the petals 
which form the corolla, and which are seen in section at A 
attached to tlie floral pillar B. The vascular bundles 
through which this floral pillar is fed are seen at F, and in 
this case are ten in number. In the central axis of this 
floral pillar, and forming the base of the pistil, the ovary 
is seen in section to be divided into three compartments, 
'fhe ovary wall is seen at E. Three inward processes 
of the ovary wall, which form these compartments 
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or ce|ls, each terminate in an onlargcsment of triangular 
form, when seen in section, and fonn hy tlie inver¬ 
sion of their eilgos tlio six C 2 thicenta to which the 
• ovules i > or rndimentary seeds are attached. The form 
of these ovules is pear-shajred, more oi’ less in the longi¬ 
tudinal, and circiidir in the horizontal section. They 
are arranged in two I'ows in •each of the comjiartuients of 



Flu. 28.—'I’lail'.verse Section ol'tiotton Hurl, x 7 rliniiieters. 

A. Bane of potals of oojx>ll«. 1^- Ovnii’s. 

U, Romp nf tidPHl ]>i]liir wlin'li carrioK j,* Wall of Ovary’. 

l)i<* fiotals. ttixl utanimm. 

C. I’lacHiita witli oMjlt*8 or soedH altarlitHl. F. VancuUi'liutidlps. 

the ovary, and usually about six seeds form each row, which 
grow twelve to each compart-ment or thirty-six in the three 
com])artment6. These ovules arc seen in section at this 
stage to jiosscss three coats or envelopes surrounding the 
nucellus which forms the inner substance of the ovule, and 
which after fertilisation, correspond with layers in the 
cotton seed, from the outer of which the cotton fibre grows. 

The cotton-plant is a free flowerer, and cultivation 
increases this habit. Also when flowering has once com- 
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mcnccd it continues to flower throughout the season until 



^Fio. 24.—Cotton Flower Bi«l from Ejirluwt Stage to 0|>ening. 


arrested by the cold weather or frost. Flowers have been 
known to open as late as September, but in that case the 
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1)1)11 never reaches maturity. Thus at the height of the 
•seascrfl, bud, flower, and fruit may ho seen all on the tree 
at the same time. Fig. 24 shows the gradual growth' of a 
cotton J)nd *or square, from its first apjrearance in 1 up 
to the point of its maturity in C, when it is just ripe and 
i cady to open. . 

Although somewhat irregijlhi' in its growth the cotton 
tree, when in full hearing, ha.s an exceedingly .attractive 
ap])earance. The flower when opening is usually white oi- 
creamy white, or yellow, with a slight tinge of purple or 
[uirpli.sli red at the base of the petals, and these change 
to a ilceper reddish hue on the third day, ju.st before the 
petiils ai'o shed. The coloui- of the flower depends on the 
variety of the cotton. 

Fig. 21) shows a twig taken from a flowering bush just 
when the bloom is fully open. The large handsome yellow 
])etal.s are seen surrounding the inner whorl of stamens with 
the pendent anthers, and in the centre the stigma of the 
pistil. On the same twig are seen two Hower-buds, the lower 
one rapidly maturing, and the upper with the petals of the 
C))rolla already protmding above the calyx and ready to 
expand in a few hours. Although this example was 
sketeh^d from a flower of Egyptian cotton, probably 
(lossi/peum })mivianuti>, it may be taken as typical generally 
of the other varietie.s, although they differ slightly in the 
form of the petals, as some have a more irregular edge, and 
indeed this occurs on the Siune plant; also the colour differs. 
The frontispiece to this hook is drawn from a group of 
flowers of different species, and shows the bud, flower, and 
ripe boll shedding the fully matured seeds with their 
fibrous covering. As soon as the flower is unfolded, the 
transfer of the pollen from the anthers to the stigma 
quickly ensues; and the object of the coloured corolla and 
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the whorl of stamens and anthers being accomplished, the 
flower rapidly fades and the ]>etal3 and anthers fall away, 



Kid. 25. “Cotton Flower ami Buds. 


generally at the end of the third or beginning of the fourth 
day after the opening of the flower. 

The Ovary and the Ovules. —Of the marvellous 
mechanism of the reproductive organs of the flower, the 
method of fertilisation of the ovules by the pollen tubes. 
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;nid ^he changes which the cell-contents undergo after¬ 
wards, this treatise can take no account, except in so ^ar as 
they relate,to the origin and growth of the lint which 
covers*he seed. These changes are very rapid, and theii' 
course constitutes the life-histoi-y of the ovules, Before 
fertilisation they Ifa^'e been fo^j'ined by an outgrowth from 
the inner margin of the re-turning head of the placenta, 
which had its origin in a procc.ss from the inner wall of the 
ovule sac. They are arranged in a three-cell ovary in two 
lines, in a vertical direction in the. cell, and are each 
attached to the margin of tjie placental wall by a short 
stalk which is termed the funicle. 

In its earlier stages the ovule presents a rather com¬ 
plicated structure. In the centre, and near its lower end, 
is a .-ieries of lino eells called the nucellus, and from the 
lower part of this nucellus, and enclosing it on all sides, 
there arise three envelopes or celhdar sacs differing in 
composition and appearance, which will be best understood 
by reference to Fig. 2(i, where is represented one of the 
ovules seen in section of the ovary in Figs. 22 and 28, only 
with a considerably higher am])lification, 

A shows the nucellus surroumled by the three envelop¬ 
ing silbs,—(1) the coat B which consists of a series of 
irregularly disposed starch and other eells, containing 
nutrient matter, which after fertilisation has taken place 
forms a store of food for the developing embryo; (2) seen 
at C is the rudiment of the jvalisade layer, which in the 
full ripe seed, after undergoing a consolidating process, 
forms the pericarp or hard shell of the seed, and contains, 
when there developed, a green, greenish-brown, brown, or 
black pigment matter which gives the colour to the seed 
when ripe. The parenchymatous cells, of which this 
palisade layer is formed, differ in form from the starch 
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layer, being mncli nioi'o elongated, and having tlu! najor 
axis of the cells aiTiinged radially to the curvature of the 
starch layer beneath, and in symmetrical order. This 
layer forms the base upon which rests the outer lay(!i'; 
(3) seen at 1) is formed of loosely arranged spongy 
parenchymatou.s cells, niani' of whicli have well-defined 
nuclei, and these form the matri.v out of which the fibres 
ultimately take their rise, and from which their nutriment 



t'lo. 26.—Traiisvcise Section of Ovule Uiifertiliseci. x 30 tlininelers. 

A. NiieelluH IWlisadi-layer. 

B. Hlareh Cells. 11, .Spoiiry liareneliyiimtoiis layer. 

B. Cuticle or llhre uiatriv, 

is derived. The outer layer of this coat E is formed by a 
well-defined cuticle which protects the more active cells 
beneath, from which the young cotton seeds spring, and 
which form the fibril layer. 

Growth of Seed. — Concurrent with the complete 
formation of these layers the spongy parSnehymatous layer 
is saturated with protoplasm, and the cells are in a highly 
sensitive stage and ready for the reception of the dynamic 
nuclei which are conveyed by the pollen tubes down the 
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])istij. wlicre they enter the ovary and so reiich the 
ovules. 

It may be noted here that just as the flowers of any 
indiviciual tree do not all reach maturity at the same time, 
so there is frciiueiitly also a want of corrcispondence in 
the various organh.of the .same flower, so that it often 
hai)])ens that the ovules of oac flower arts fertilised hy the 
pollen from anotlnu' flowei', and also from that of an entirely 
diflerent tree. This ero.ss-fertilisatioii is of great advantage 
in maintaining the strength and vitality of the seed, just as 
the introduction of fresh blood into a herd of slieej), from 
time to time, is practised in scientific farming, and has 
greatly improved the breed of sheep. 

As soon as fertilisation tabes place structural differences 
ill these several layers soon begin to be apparent. The 
innermost or starch and nutrient layer begins to be 
absorbed by the developing embryo, and at the same 
time the palisade layer undergoes consolidation and 
jiigmcntation, and also the active parenchymatous colls, 
which lie immediately lielow the cuticular layer, com¬ 
mence to elongate and to force themselves up through 
the cuticle, when they appear above the surface as eleva¬ 
tions <)r buds, which form the base of the fibres now first 
generated. 

It is interesting to watch under the microscope how 
these changes come about. Some of the cells in the fibril 
layer commence to extend, and from a compressed circular 
foiTO become oval, with the longitudinal axis at right 
angles to the surface of curvature of the seed. Within 
the cell also the -protoplasm, as can be determined by the 
position of the nucleus ef the cell, seems to concentrate 
against the outer walls of the cell and to become thickened 
or coagulated and less mobile; and this forms the first 
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deposit of the innoi' suiface of the thin transparent wall 
which hounds the cell and forms its outer sheafo or 
pellicic. This also forms the base upon which secondary 
deposits take jilace, which thicken and strengthen tlv; fibre, 
and within which the formation of endochrome occurs, 
wherever the cotton is in any degree coloured, such as 
in Egyptian cotton. The irfuthod or plan in which these 
secondary de))oaits are laid or arranged on the cell-wall 
will be considenal labn- on when examining the action 
upon the fibre and its cell-contents with various chemical 
reagents which enable these <lcposits to be .seen. As 
the young fibre by its growth is pushed out they are 
compi'cssed together by filling the interior of the seed-pod 
with a tangled plexus of unicellular hairs in various stages 
of groivth. At this period the whole surface of the fihres, 
and the spices between them, arc filleil with exuded ccll- 
contcuts, which keep the surfaces of these delicate fibres 
moist, and enable thiun to move over each other without 
excessive friction, so that they are not injured, just in the 
same way that wool fibres are preserved by the suint 
exuded from the skin of the sheep and thus prevented 
from felting. This tangled ])lexus of hairs also forms 
a protective covering to the developing embryo within, 
and, as they increase and fill up the space between the 
pericarp, which is being gradually formed out of the 
palisade layer and the outer carpel which contains the 
whole, they exert continually increasing outward pressure, 
which assists to burst open the pod when the period of 
development i.s attained. 

The fibres continue to grow until all the nutrient 
matter in the cotton matrix is exhausted, and nothing but 
empty cells remain. The first appearance of the young 
fibre buds always occurs oji the surface of the fibril layer. 
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at the end of the ovule farthest removed from the {mint of 
attaciiment of the ovule to the placental matrix, and from 
here spread over the whole surface, and are always the 
•longost'at this end, gradually liecoming shorter as the 
point of attachment is reached, so that at the root end 
of the seed there "is only a scanty growth, and in some 
cases the end whole the fiancle is separated from the 
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Fid. 27.—Sccl.iiiii of Outer Layer of Cotton Ovule, x 7fi iliaiiieters. 

A. Epideniml luycv orflbi'e mutvix. C. SUufhocIlK 

B. I'ulisniieluyor. I». Embryo fottou Hl'ifK. 

placenta is quite naked. This is the birth of the cotton 
fibre. 

This change will he better seen in Fig. 27, which gives 
an enlarged view of a section through the three layers of 
the ovule. A is the matrix, B the palisade layer, and 
at D are seen young cotton fibres having their origin in 
the second layer of cells beneath the cuticule, forcing 
themselves up through it. C is the starch layer, which 
contains a store of nutriment to nourish the matrix and 
embryo. 
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J?’ig. 28 is a view of a similar .section taken wlien ^irthei 
growth lias occurred, and in wliicdi the rounded form 
of the fibre, as it elongates from tlie natal cell, begins 
to assume a ribbon-like structure whicli is afiferwards 
accentuated by the juessure of the fibre.s U|iou each other, 
when they become more numerous tind form a tangled 
plexus or covering over the frhole surface of the cuticle. 



Fiv. -8.—tlectiou ef Outer Layer ufOottou Ovule, x 7.') (liametrrH. 

A. Starclj ci'lls. CotUm matrix. 

B. I’ahaarte lay«*r. L». Young cotton tibres, showing nticleus of roll. 

S' 

In some of the fibres the nucleus of the cell out of 
which it is generated appears for some time until it is 
absorbed. 

The microscopic study of the fibre at this and succeed¬ 
ing stages leaves no doubt that it is composed of a single 
elongated cell, which is continuous throughout its whole 
length; and this continuity of the cell-wall gives the fibre 
a uniformity of strength which would be wanting if it was 
developed out of a succession of cells, by the absorption of 
the cell-walls at the point of junction, which would 





Fro. 29.—Section oi’ Ripe Cotton Ovule, x 30 tliaineter. 1 . 

A. Hypucotjl. J>. Cotton matrix. 

« U. Cobyledinw. K. Cottxm fibres. 

C. }*ali«aile layer. F. !Sb»r<‘lirHl.s. 


While these changes are occurring in the outer or 
parenchymatous layer, the inner starchy layer is also 
undergoing most imporUnt modifications, resulting in the 
development of the various parts of the embryo and the 
gradual absorption of the cell-contents of this envelope. 
The process of this change seems to consist in the forma¬ 
tion of a denser portion of the nucellus into a cell-cluster, 
which receives the generative cells from the pollen tubes, 
each of which contains a sperm nucleus; and from the 
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union of tliese colls the goneiativo notion commenc(g until 
it sj)reads throughout the whole of the miccllus, and the 
nutritive starchy sac, within which, when the,development 
and diflercntialion is complete, the various jiartS of the 
rudimentary plant in its cotyledonous stage arc clearly 



Fig. JJO.—JaOiigitutliunl Section of Cotton Soed. x 7 iliameters. 

A. Hoot HI (“H. 1*. Eitibr.vo cotylfdoiis. 

B. I'limary stwii or liyiMirotyl. E. H(M)t;'i*nii. • 

C. IVniiRty a\i.s. K Oil caiial.s. 

seen, especially when the structural differences are brought 
out by the use of stains. 

In J'ig. 29 a diagrammatic section of a ripe ovule is 
figured. A represents the hypocotyl with its cellular 
centre; B the interfolded cotyledons with their oil tubes; 
C the consolidated and pigmented palisade layer now 
forming the pericarp; 1) the cotton matrix, now almost 
completely absorbed; and covered only by the smallest 
fibres E, as the whole of the lint has been removed; 
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F shows the last remains of the empty starch and nutrient 
cells still adherent to the inner wall of the pericarp. 

Fig. ;!() shows a longitudinal section of a ripe see'd at 
the same stage of gi’owth, with the lint removed, so as 
to facilitiite the section, and although the parts are not so 
clear the various ot'gans are still (juito easily seen. A is 
the rot)t .area from which the, sprouting first begins when 



A. Hootjuififus oflibrn U. Fibte. 

H. Ci'lls. D. Eiuliichronitb 

E. Point uf fibre hliosving solid eud. 


the seed is planted, and the origin from which the rootlet 
is derived, and this nucleus can be seen at K. B is the 
primary stem, C the primary axis, and I) sections of the 
embryo cotyledons with their oil ducts. 

Young cotton fibres taken at this stage, just before 
the capsule or seed pod bursts, an<l cut in horizontal section, 
present a circular or oval form near to the point of origin, 
and higher up that of a flattened oval cell wdth a cavity 
or lumen in the centre and somewhat thickened edges. 





CHAP. 


94 CbTTO.N FIBRE 

V 

W hen highly maghified, there is no appearance of any 
structure whatever in any part, and evei» polarisecJ light 
fails* to reveal any want of uniform homogeneity in the 
cell-contents. If highly magnified and examiifbd in^vcrtical 
section the method of attachment to the matrix can ho 
clearly seen; and in Strasburger’s Taf-hunL- vf Mam/ he 
figures one of these hairs wjiich is reproduced in Fig. 31. 
At this period in the history of the cotton fibre, v'hen 



;i2.—Section of Youas tiotton Fil)rcs. x 100 iliameters, 

A. Hound or ovni eeetlon. C. Ribbiiu-likn section. 

U. Cells slinwniK jiuclei. 1 >. Section of collniisod ocS. 

they are enclosed within the car|)cl, they show, when 
magnified, no evidence whatever of any kind of structure ; 
as the thin pellicle which forms the outer sheath of the 
hair is so attenuated in most cases as to show in section 
only a faint circle with well-defined outline, only when the 
section is made near to the point of origin, and more or 
less oval, and in some cases reduced almost to a single line 
in some parts, which would correspond to a section of one 
of the small ribbon-like hairs. 
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Fig. 32 sliona sonic of these young fibres in section 
taken *om various parts of the hair. At A are seen the 
rounded and oval form of cells, with well-defined outline, 
before %py beginning of secondary dejiosits on the inner 
surface of the pellicle, f) shows similar stnictural forms, 
but containing a miclcus situated in difi'erent positions 
within the filire walls. C rep{fecnts some of the collapsed 



Fic. 33. -- Cotton Pod. Natural Size. 

fibres where there is only a well-defined w^all at one 
extremity, tapering off to a thickness apparently only the 
width of the outer pellicle itself, and at D there is a fibre 
which shows a section like a collapsed tube. 

The Cotton Pod.- -While these changes arc taking 
place within the ovary there is also a considerable change 
occurring, which is visible without the aid of the microscope 
to the naked eye, in the fonn of the seed-pod which remains 
on the stalk after the flower has perished. 
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As soon as the full maturity of the flower is reached and 
the ovules have been fertilised, the (lower, hy a ftnions 
movement, twists the petals and stamens off, and there 
remains a pod or boll which is supported hy tlie triangular- 
shaped deeply indiricatod caly,x. This continues to increase 
and swell until it roaches the siz(^ of n, small bird’s egg or a 
large filbert. At first the cdlr)ur of this pod is green, but as 
it gradually ripens the colour changes into brown ; and at the 
same time the surface which was soft becomes hard and 
rigid, with ridges running from the point down towards the 
point of attachment, with a groove down the centre of the 
ridge, which indicates the line along which the se<‘d-pod 
will open when the pod bursts. 

Fig. 33 is sketched from a pod just before the capsule 
commences to open, and it will be seen enclosed in the 
calyx which is thrown back where the pod oj)en.s. 

Fig. 34 shows the gradual development of a cotton 
pod, after the calyx is removed, from the earliest complete 
appearance of the bud to full riiieness, and when the pod 
has burst open by the pressure of the growing fibres 
between the surface of the seed and the inner walls of the 
pod. 

The time taken during the period of development was 
noted, and was as follows:— 

1. 10 days after the fall of the flower. 

2 . 20 

3. 30 

4. 40 

5. 60 

This corresponds roughly with the time usually taken 
b/ cotton grown in the open. 

Bud 1 was quite green, but gradually changed, and the 
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carpel becaiiie dark brown, and very hard at the time of 
opening. 

In the earliest stages the cotton fibres, a.s shown in Fig. 
.‘12, have a more or le.ss rounded fonn, the walls <>1 the, cell 
being regularly exj)anded in every direction by the fulness 
of the protoplasm enclosed within it: ibut as the fibre grows 
and is pushed out into thuspacc! between the seed surface 
and the capsule, iind subj(!ct«<l to the pressure of the 
surrounding fibres, it loses this circular section, and 
becomes more or less flattened, and just before the bud 
bursts the outer walls of the cells have become so attenuahal 
in the longest fdtres as to be almost invisible even under 
higb microscopic ])ower, and present the apitearatree, of a 
thin pellucid ribbon or band, without any traces whatever 
of structure of any kind, exce])t a slight wrinkling of the 
surface, and in some cases ti waviness occasioned by the 
fibre being erumpled up by contact with the surfaces of 
other fibres. 

As soon as the pod opens the im 2 )risoncd fibrous mass 
expands, and su'ells out into a large fluffy Itall of apparently 
tangled fibres, in which it is exceedingly difficult, if not 
altogether impossible, to separate the fibres which have 
their attachment to any j)articular seed from each other, the 
whole forming a feathery mass of more or loss irregular 
manner arising from their disjilacement from their regular 
position by the unequal pressure of this expansion. 

While this mechanical change is occurring the effect of 
it, as described above, is seen in 5 of Fig. 34. When 
the parts of the seed-pod are turned back the naked points 
of some of the seeds are seen as black patches in the midst 
of the white fibres. There is also another action taking 
place as a consequence of the opening of the pod. 

The Ripening of the Fibre.— The admission of air, 
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and the action of sunli^'ht, cause a gradual unfolding of 
the hak-y plexus and a drying up of the moisture which 
surrounded the fibres while within the pod ; and the same 
aotion alJi occasions the cell-contents to undergo a chemical 
change, which corrcsjionds to the rijicning of fruit. In the 
.earliest period of th^r foiination the growing cells are 
filled willi juices which are laore or less iistringont in 
character, wdiich can j-eadily be tested by ap]ilying the 
tongue to the juico.s which flow out of the cells when a 
young ]iod is cut in section. As the fibre ripens these 
juices are replaced liy more or less neutral fluids, which 
gradually change and dry up, untd in the perfectly ripe fibre 
the cell-wall is composed almost entirely of a substance— 
one of the (arbohydrates closely allied to starch, and called 
cellulose—which is one of the most neutral of all chemical 
bodies, and which will be considered later on. Mixed along 
with this there is also a quantity of mineral matter which 
seems to be necessary for every organism, as it is always 
present in more or less proportion in all organic substances. 

When the cotton boll is fully ripe the cotton fibre has 
reached its point of maturity, and it is in this form that it 
becomes useful for textile purposes. 

If a fibre is selected and placed under the raicroscoja) 
and examined by reflected light, the whole surface seems 
to be covered with transverse and longitudinal creases. 
So much is this the case that they ajipear to be corrugated 
in the direction of their length, but the corrugations are 
seldom continuous, and very freijuently broken by ridges 
in the transverse direction formed by a wrinkling up of the 
surface. In others the surface seems to be more or less 
cracked all over in very irregular patches, as though the 
shrinking and collapsing of the fibre had been accompanied 
by an actual rending of the external layer or sheath. This 
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appearance is most frequently observed when the fibre 
presents the least appearance of tubular structur#, when 
seen under transmitted light, as though, if it^ever possessed 
a tubular structure at all, it w'as so thin iti the llibe-w’all, 
that it was capiible of a complete collapse at the edge as 
well as in the centre. In samples.&f fibre taken before 
maturity is reached the a^)pearance, when viewed under 
reflected light, is like a tangle<l plexus of silver rods or 



F[«. US.—Young Cotton Fibres (spen Ijy redfoted light). 

X *250 cliaineterK. 

twigs, with more or le.ss similar markings formed by the 
folds of the plastic cell-walls, with their waxy sheath, and 
exhibiting little sign of the twistings which are the peculiar 
characteristic of the fibre in its later stage when in a drier 
and more inspissated condition. Fig. 35 shows a few of 
these fibres taken from the pod after opening and before 
any drying has occurred; and when stretched under the 
microscope they present an appearance almost like a silk 
fibre in which no cellular structure appears and no twist, 
hut the fluting and cross-marking are clearly seen. 
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If transmitted light is used when the fibre has reached 
maturify an entirely different appearance is immediately 
presented. The surface-markings become almo.st invisible 
when compared with the complicated structure which is 
revealed within the tubular w'alls, and which is quite visible 
through the transparent pellicle ^which forms the outward 
sheath or envelope of the fibre.' Indeed, the transparency 
of the whole fibre is so great that, except in certain cases 
in which there appears a slight endochrome or colouring 
matter in the cell-contents, the ])lexns of linos, occasioned 
by the dark shades of the erjases on the two surfaces, 
renders it very difficult to make out the nature of the 
internal stiucture, without subjecting the fibre to some 
process which will colour the interior cell-walls, and thus 
enable their structural peculiarities to be observed. So 
great is the diversity in nature that it may truly be said 
that each fibre has a structure of its own, and differs in 
many particulars from all its fellows. 

A perfect and typical cotton fibre would, when fully 
matured, consist of four parts. 

1. An outer cuticle or integument which is perfectly 
continuous, and which forms the skin or sheath of the fibre. 

2. An inner tube or layer of- more or less homogeneity 
attached to the inner surface of the outer layer, and formed 
by successive deposits of cellulose and coagulated proto¬ 
plasm and other cell - contents, and which forms the 
substance of the fibre. 

3. An inner layer attached to the interior of the 
secondary deposit, and which seems to be of a firmer con¬ 
sistency, and frequently exhibits indications of spiral 
structure, specially in wild cotton, and when treated with 
reagents. 

4. A pith-like deposit, containing any endochrome which 
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may bo prcscTit in tlio fibn;, and more or less filling^ uj> the 
central cavity or linncn or simply existing in detacliod and 
not continuous pieces. . ^ 

The bulk of the fdu'cs on any .sccxl do not, as a rule, 
exhibit all these features, but they inav' also all be piesent. 
iSuch a fibre, if it also p(;.sse.s.scd thb necessary length and 
diametez’, would be perfect'foi- miznufactizring ]zurposcs. 



Fl(j. 36.—Soction ol' Typical CnttfHi Fibre, x 100 flianiet.*‘r‘i. 

A. Outer sh^Htli oi p. llirle. !’'*»«'■»• l«yer. soinHiim-s spiral. 

P. Tube or Iniiieii with pith-hke 

B. .yecoiKluiy deposit ol cellulose. dept.sit and eiidochroiii- 

Fig. 36 is a diagrammatic longitudinal section of such a 
fibre when the parts are easily distinguislied. A Ihe outer 
sheath or pellicle, B the secondary deposit, C the denser 
inner layer, D the endochrome and pith-like material in the 
central cavity. 

It is a matter of considerable difficulty to determine 
the exact method in which the second and third layers 
.are deposited, so that the tube-wall becomes thicker in the 
ripe fibre, because, previous to the bursting of the potl, the 
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cotton fibres, as already noticed, present themselves as 
thin, transparent, translucent ribbons without the least 
indication of any well-defined tube-wall. It is not until 
they arc exposed to the sun and air, that tin! swelling and 
thickening up of the thin outer sheath or pellicle, which 
forms the external lay^r, takes place. 

It was formerly supposed that there was a variation 
in the method in which this occurred in the cotton fibre 
from that which is the general rule iii vegetoble cells, and 
which consists in the formation of secondary dejmsits 
within the liber-walls which constitute the exterior 
envelope. 

’Phis appearc<l all the more i)robable, because there was 
an apparently entire absence in the cultivated cotton of 
i.ny of those special forms of deposit which confer rigidity 
and strength upon the cell-wall, and which, it seemed, 
judging from analogy, would have been pi-esent more or 
less in such an elongated cell as a cotton fibre. These 
special characters generally present themselves under two 
different types, according to the extent to which they 
cover the primary membrane. In one case they are applied 
as a general layer over the cell-wall, absent merely at 
dot-like or slit-like points, when they do not cover the 
membrane, and thus give rise to a pitted structure some¬ 
times appearing even as reticulated. In the other case 
the secondary deposits arc more sparing in (juantity, and 
are applied over lines which form a definite pattern upon 
the liber-walls, and which generally assume a spiral form 
in the direction of the major axis of the cell, and occurring 
frequently in both directions, that is, both right and 
left handed. 

Although without previous treatment with various 
reagents, the fibres of cultivated cotton do not show any 
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indications of sucli spiral structure, yet when the cotton has 
been treated with Schweitzer’s reagent, the author i( as able 
to detect a distinct spiral tendency in the fibres obtained 
from some specimens of Austrian gun-cotton kindly*supplied 
by liaron Von Lenk, and which, of course, Iiad previously 
been treated in the manufacture o{ the gun-cotton with 
a mixture of nitiic and sulphuric acids. Mr. Higgin of 
Liverpool also lent a very fine collection of mounted 



I’lC. 37.—Cotton Filiros showing Spiral Structure, x 175 diameters. 

A and B. Wild Afrip.an cotton. C snd i>. Iloiigh Peruvian. 

specimens of cottoti fibre which were collected hy him 
some years ago, and which ranged from the wild cotton of 
Africa to the finest Edisto Sea Island cotton. The result 
of the examination of these specimens leaves no doubt 
whatever that spiral deposits of the cellulose within the 
fibre are often present, as they were distinctly visible in 
samples of the wild African fibres and also in rough 
Peruvian. Sketches of these appearances are given in 
Fig. 37, where the more robust and less flexible forms of 



V ORIGIN AND DEVELOPMENT OF COTTON FIBRE 105 

the wild African cotton are seen to have distinctly spiral 
cell-vtills at A and B, and the same in the coarse Peruvian 
at 0 and J). The fibres of the wild cotton exhibit the 
aiipcarinco of largo and weak tubes when compared with 
cultivated specimens, and while they are somewhat curved, 
and possess traces of, joints or nodes at irregular intervals, 
their rigidity and inflexibility render them unfit for 
manufacturing purposes. The occurrence of the spiral 



Flu, 38 .—Fibres showing Spirni Structure, x 173 diaiiieters. 


structure in thorough Peruvian probably supplies us with a 
case of reversion, a tendency which all plants, when under 
domestication, often exhibit when more or less neglected 
in cultivation, to return to the original form in one or more 
of its characteristics. 

Professor Hohnol also, in his work on the microscopical 
study of fibres, gives an illustration, shown in Fig. 38, of 
some fibres taken from Swedish filter-paper, which not 
only shows clearly the spiral structure of the secondary 
layers, but also those spiral deposits as long continuous 
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threads, which hocomo straightened wlieii tlie outer sheatli 
is dissolved and the iniuir deposit liberated. 

In I,S().‘i a series of experiments with a view to 
determining the stnirture of the layers whiih (foni])o.se 
the cotton fibre, were made by Mr. Charles ff’N'il of 
Manchc.ster,' who treated the fibr<!* with Schweitzcr’.s 
solution, an ammoniaral solTition of oxide of copper, wliieh 
po.s8esses the power of dissolving cellulose without decom¬ 
posing it. Writing on this subject he says; ‘‘1 believed 
that in the cotton hair I couhl discern four difi'erent 
parts—-The outside membrane which did not dis.solve 
in copper solution. Second, the real cellulose Layer 
beneath which dissolved, hut first swelling out and dilating 
the outside membrane enormously. Third. si)ecial fibre.-i, 
apparently situated in or close to the outside mcmbiane 
and not readily soluble in the <;npper liquid. These were 
not so elastic as the outside membrane, and acted as 
strictures upon it, producing bcad-like swellings of a 
most interesting character, and, fourthly, an insoluble 
matter, occtipying the core of the cotton hair, and which 
resembled very much the shi-ivelled matter in the interior 
of quills prepared for making pens. 

“ It is interesting to note that the outside membrane, 
which was insoluble in the copper oxide solution and 
impermeable to it, could not be found on cotton, which 
had been submitted to the treatment of the usual bleaching 
process; it had either been dissolved away, or, what seems 
most probable, some protecting resinous varnish had been 
removed and then it became soluble. The same general 
results were obtained by acting upon cotton with sulphuric 
acid and chloride of zinc, and by acting upon gun-cotton 

^ Calico-PrinHnfjy lilea£hiny^ avd Dyehig^ by Charles O’Neil, F.C.S., 
vol. ii, j). 2. 
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witl) ether and alcohol. Mr. Dancer of Manchester, an 
experienced microscopist, repeated these experiments some 
time a(fer, aipl he saw all that I described, but considers 
that the spirals seen did not exist in the cotton hair, bitt 
were formed by the twisting or rotation of the hair under 
the action of the sofvent.” 

In repeating these experiments it was found by the 



39 .—Cotton Fibre showing separation ol’Cellulose Layer. 

.< 1200 diameteis. 

A. H«‘pan»t(on of lay(ir<. IJ. l.unien with pith-like dopowt. 

C. Outer }Mtlliele or slieath. 

author that the appearanees varied with the nature of the 
cotton examined, and the degree of maturity which the 
fibre had attained. In the thin pellucid hairs, where the 
ribbon-like structure pertained, most of them were dissolved 
without showing any indication of structure whatever, but 
they coiled up and wriggled about under the influence 
of the solvent, almost looking as if they were alive. The 
more mature and distinctly tubular fibres swelled out, 
something in the same way as when treated vVith alkali 
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by the mercerising process (of wliicli mention will be 
inadp later on), and then dissolved, but without exhCiiting 
any traces of cell-contents; but in the fully matured fibres 
which were more opaque, a distinct se])aralioii into layers 
was visible, and a coagulation of the inner conlcntf, of the 
lumen, which was not unlike the ‘-‘pith” desciibcd by 
Mr. O’Neil. An illustration of this distinct s(!i)aration of 
the inner deposit into layers or succes.sivc envelopes is given 
in Fig. 30, seen under high magnification. 

Here the solution used was very weak, and the examina¬ 
tion was made before the swelling of the cellulose layers 
ruptured the outer pellicle. This usually occurred at 
irregular intervals along the length of the fibre, and as soon 
as the rupture occurred the intrusion of the cellulose 
rolled up the ring of pellicle until it formed a tight ligature 
round the swelleil material which constitutes the fibre and 
constricted that part, holding it until the ring was dis¬ 
solved or disintegrated or gave way under the increasing 
pressure, and then the cellulose gradually dissolved and 
left only granular and stringy-looking materials, which 
seemed to resist the action of the solvent. These appear¬ 
ances are seen in Fig. 40. 

In treating the fractured end of a rough Peruvian fibre, 
where the inner layers of cellulose were drawn out from 
the outer layer, there was a distinct separation into fibrous 
bands, which resisted the action of the solvent longer than 
the enclosing layers, and in some even an indication of 
a double spiral structure; but no power at command 
even up to 10,000 diameters, and no reagent revealed a 
cellular structure either in the cellulose layer in which 
these spiral fibres were imbedded, or in the outer sheath 
^r pellicle in which the whole fibre was enswathed. It 
seemed also that the twisting and rotation of the fibre. 
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when under the action of the solvent,’ was not the cause 
but t) e result of the spiral fibres uncoiling themselves 
when the cellulose layer, in which they were imbedded, 
and which was more readily soluble, was dissolving away. 

The author was anxious, if possible, to resolve the 
cellulose membrane into constituent cells, so as to detect, 



Kiu. 10 .—Cotton Fibre treateii with Cuprainmouium Solntion. 

X 200 dianielcr». 

A. Hwellftn o'llnlost! laywB. C. Lumen with pith-like d<‘posits. 

II. Cuticular ligatures. I>. UiidiBsolvetl pellicle or cnticli*. 

E. UtidisHolved cell-oontents. 

if possible, the mechanical cause of the separation of the 
constituent layers, but this was quite impossible, also to 
detect any structure in the outer pellicle, but this was 
equally unsuccessful; and there is, therefore, no reiisonable 
doubt that, notwithstanding its great length, it is one 
continuous membrane, and that those beneath it and in 
which any spiral fibres are imbedded, are similarly con¬ 
stituted. H. de Mosenthal {Jenmud Sue. Chem. Ind., March 
1904) asserts that the ciiticular wall of the fibre is 
pierced by minute stomata leading into the lumen of 
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the fibre, and thinks tliat tliose oflcr an explanation 
of the way moisture, and with it tinctorial reagents, 
pendtrate the interior of the cell. These fibres also, as 
exhibited at the end of the rough Pisrnvian'eottofi, could 
not be resolved into constituent parts. In the eoinmon 
cotton sedge {Eriophnnim jiol/isliii'hpvvi), w'hich is not, 
however, a time cotton, the division of the cells is quite 
distinct, and it is quite possible that this might also be 
seen, if looked foi', in the coarsest fibres of wild cotton 
growdng in its native habitat. 

Classification of Fibres. Generally all the fibres 
found on the seed may be dii’idcd into foui' distinct classes, 
which, however, shade into each other. 

1. Short, stumpy, stiff fibres which are usually found 
near the growing point of the seed, and which are the 
last to develop on the pod, and may bo termed basial. 

2. Immature or unripe fibres, where no internal structure 
is visible. 

3. Those in which the structure is simply tubular, with 
i distinct internal cavity or lumen, and well-defined trans- 
[larent walls, and exhibiting the characteristic fibrous twist. 

4. Fibres where the structure is tubular, and the interior 
of the cell-wall filled with secondary deposits which almost 
mtirely fill up the internal cavity, giving the fibre a dense, 
dmost opaque appearance, and exhibiting the characteristic 
;wist in a marked degree. 

There are various degrees of distinctness in which these 
diaracteristics are manifested in different filaments, and 
nany more divisions might bo made, dependent on the 
ength, thickness, and number of twists present in the 
ibre in a given length ; but for practical purposes these 
livisions are sufficient to cover all the differences which 
isnally appear in cultivated cotton. 
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1. The short tilires, whicli form an undergrowth to the 
longer ones, and which are not removable by the ginning 
process because too short to be caught cither by sa#s, 
knives, or rollers, are of little service in manufacture, and 
often a cause of considerable annoyance, when the seed is 
broken up in the ginnjng and small tufts of these hairs are 
then carried along with the lint ai^d require to be entirely 
removed, or otherwdse they form neps and do not receive 



Fio. 41 .—Sliort Ua.sial Cotton Fibres (Kumj- Filires). \ 150 (liniiietcr.<i. 

Solnlniiex ofllbrn, B. Kesinous oily ilejiosit. 

C. Cavity or 

The i, 

varieties oithe same way as the longer fibres. Kecently, 
slight tinctor use has been found for them in the making 
however, never nd other absorbent paper. After they are 
standard of colour whiseed by a special machine, they are 
formed and matured fibres.as to remove the gummy matter 
that in all bolls of cotton soiiftys associated, and which on 
full- anaturity from one cause oF'anoS. sxudation of this 
position on the matrix prevents their geiiS^ seed. When 
of light or nourishment, or they have lij;^ absorbent than 
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any other cotton tibre, as they are more loose in texture. 
Fig. 41 shows the structure of tliese fibres am} a/lhcring 
resin. , 

2. The second class of fibres occur mosft frequently jn 
early and unripe cotton, and often also in cotton which is 
over-ripe or has been left on the tree for some length of 
time after the full maturity of the opening of the boil has 
been attained. In both these cases the outer sheath of the 
fibre appears to bo of extreme tenuity, in one case this 
arises from the fact that l.jm some cause or other the 
fibre has been detached from the seed before the period, 
when the filling iq) of the interior lumen has commenced 
and the other probably by the process of re-alisorption, 
which always sets in when any organic structure has 
reached maturity, and which gradually, while it may give 
an increased density to the outer cell-wall, materially 
decreases its thickness. 


There is also another form in which this want of 
internal structure is observed, and which is of peculiar 
interest to the technologist, by the tendency which some 


of the fibres appear to have to form in certain [jortions of 
their length in a solid, non-porous state, which, while 
seems quite homogeneous and transparent, is quite 


of the permeation of dyeing or other tinctorial 
, any of the ordinary processes which '"''H'nj6ct^|.gi.jgj.ji, 
portions of the fibre. This is analogous to tiw 


of “kemps,” in wool, where the fibre 

like texture, quite smooth, .and filaments, and 

surface scales, upon which the dependent on the 

depends. In the cotton fijv 

usually found for a 

fibre whmh form^;^^ 

characterised by ir , . , 

/cultivated cotton. 
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mechanical processes to which cotton is subjected in the 
process ,of tna»ufacture, this part probably breaks off, for 
it is veiy seldom found after the cotton is in the yarn. 
Xhis solid forihation is soon at E in Fig. 31. In the body 
of the fibre this structure is very seldom found, except in 
the coarser qualiticsj^such as rough grades of Surat or 
Peruvian, but it frequently occurs fn wild cotton. It never 
occurs in Sea Island or in Egyptian cotton. 



Fia. 42 .—Dead or Unriiie Cotton Fibres, x 200 diainetera. 

The thin ribbon-like stnictureless fibres occur in all 
varieties of • cotton, and they are capable of receiving a 
slight tinctorial tinge under the action of dyes, which, 
however, never seem able to bring them up to the full 
standard of colour which can be attained in the perfectly 
formed and matured fibres. The probability is, therefore, 
that in all bolls of cotton some of the fibres never attain 
full maturity from one cause or another. Either their 
position on the matrix prevents their getting a sufficiency 
of light or nourishment, or they have lacked vigour of 



I 


boTTON FIBRE 


CHAP. 


^ growth; and the proportion of such fibre to he found in 
^ cqtton probably depends also upon the charaetc’- of the 
season and the general health of the plant. Tl>ese fibres 
also are always deficient iti strength, and hj-eak up in the 
manufacturing jiroccss, and are a source of los.- a.s increas¬ 
ing the projiortion of waste which is. made, and ’veakness 
in the yarn or cloth, big. -12 sliows the apiiearancc of this 
fibre when seen with transmitted light. 


Kkj. 43.—Half JUpc Cotton Fibres, x 200 iliaineteis. 



3. This class of fibre exhibits a distinct tubular structure, 
in which the cell-walls ai'e well defined, but where they 
differ in the strength of the wall from a thin structureless 
condition little removed from the unripe fibres to a solid, 
well-defined robust fibre, which stands closely related to 
the fourth class. Fig. 43 represents these fibres. 

4. These fully mature fibres difi'er only in degree from 
the typical cotton fibre which possesses all the best 
characteristics of a spinning cotton, and which are the 
same as those defined for good textile fibre, and enumerated 
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oil page 0, Chap. I. These fibres possess the power of 
peiinitting viyious dyeing materials to pass through intol 
the interior of the tube-walls, where in some cases they’ara 
retained in deu.se crystalline masses. When acted upon in' 
this way by various chemical reagents the rigidity and 
.solidity of the celljWalls appear to be increased, and in 
many cases the thiclrhess also. 

It seenns a.s if in this fully matured fibre the central 



Fio. 44.—Fully Kipe Cotton Fibres, x 200 Ommeters. 

opening, up which the stip passed during the period of 
growth, had been fully or almost entirely filled up, when 
the full length of the fibre was reached, and the vital 
action, which supplied the cell-contents, actually arrested; 
and while the interior deposits are fully matured, they are 
shrunk in towards the denser walls which form the outer 
pellicle, but without losing their structure, so that they 
are ready to be expanded again inwards when their 
interior is filled with either fluid or solid contents as the 
case may be. These fibres arc seen in Fig. 44. 
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Twist in the Fibre. —This peculiarity, which is so 
marked in cotton, is not generally possessed, by vos'ctable 
fibres. The true hairs are usually quite smooth, ai},! show 
•little signs of any form of twist. Thi.s is veiy rn.'irkod in 
what is called vegetable down or bombax cotton, which is 
not a true cotton and not derived from the (ios.sypeum 
family, but from the Bo.nbaceic; anil the origin of tin; 
fibre is also different, as it grows not from the surface of 
the seed but from the inner lining of the capsule. This 
cannot be made to twist, and although having a high 
sttrface lustre cannot be u.sed for textile purposes, and has 
little strength. The same may be said of the beautiful 
thistle-down, which exceeds silk in lustre, but cannot be 
spun; and also of the A.sclepias cotton, or common silk- 
weed or milk-weed, which grows extensively in Amcricii, 
and although used along with cotton, is too brittle and 
easily breaks up, espt^cially when dry, and fiills out from 
the combination. 

This peculiar characteristic twist, which is so marked 
in cultivated cotton, and which gives to it the necessary 
quality which enables it to l)e spun into a thread, which is 
impossible in the wild fibre, is not possessed by the fibre 
in its early stages, or indeed, until it has been subjected to 
air and sunlight. The fibres taken from an unopened 
pod have no twist. They are always moist from 
imprisonment within the seed capsule, which is saturated 
with sappy juices and mucilage, and there is no tendency 
to desiccation on the part of the fibre unless it is placed in a 
dry position. The twist only appears after the fibre, which 
reaches its full length in the boll, or almost so, is exposed 
to desiccation. The twists are not a complete convolution, 
or revolution of the fibre on its central axis, but are some¬ 
times in one direction, and then in another, even in the 
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siime fibre. This twist is put in in the most unequal manner, 
ami prteents Sll kinds of variation,—long twists, and short 
twists, and partial twi.sts, and then lengths without twist. 
There does not appear to he any doubt what the cause of 
it is; the parts of which the fibre is composed differ in 
structure and denJily. The thick wall formed by the 
secondary deposits upon the inner surface of the pellicle 
is not so dense as the inner lining on its own interior 
surface. In addition to this the thickness of the secondary 
deposit is not equal throughout, and as there is every 
reason to believe that this deposit is also spirally arranged, 
as is clearly seen in wild cotton, and also frequently 
in the cultivated fibre when treated with solvents, which 
permit the unequal strain arising from this to exert 
itself and cause a tw’isting action, the drying up will 
always take place first in that part of the fibre where the 
deposit is the least in thickness, and as the outer pellicle 
contracts it exerts a lateral strain on the wall of the fibre, 
which is held by the denser deposit within and tends to 
twist it round the central axis as the tube-wall collapses. 
This, in turn, when the tube has been twisted several times 
in one direction, makes it increasingly difficult, as the 
number of twists in that direction take place, to 
continue the twist in tlie same direction, and so when the 
lateral strain comes on another part of the drying fibre it 
is easier for the twist to reverse, and so the twists are 
seldom more than five or six in one direction, before a 
reverse twist takes place, and often only two or throe. It 
must also be remembered that the twists do not occur at 
different times, but the desiccation is occurring in all parts 
of the fibre at the same time, and the twisting action starts 
from many points at once, although in many cases, and 
specially on those parts of the boll where it is exposed 
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to the full heat of the suii, it commences first at the 
tof) of the fibre. The number of these tw^.ts per 
inch is very vaiialile, not only in difi'erent e/asses of 
cotton, hut even in the fibres on the same seed, and 
depends on purely local conditions, hut the tendency of 
cultivation i.s to increase them, and.tliey vary from only 
one or two hundred up to as many as over three hundred, 
and are more numerous in fine than in coai-.ser cotton. In 
some cases for a considerable distfince it seems as if the 
fibre had been entirely twisted round thir central a.xis, but 
thesrr cases arc very r-ar-o. The po.sitiou of any fihr’c irt the 
boll, held as it is, cntairglcd amongst the other fibr es, render s 
it quite impo.ssible that any complete r otation of the fibro 
could possibly occur, and this is also prored by the 
reversion of the twist at intervals. The reasort why the 
twists rrre never so numerous in the fully ri|)o fihr'cs of 
coarse cotton is because the filrres are more rigid in 
cortsequence of the firmtress artd thicknes.s of the secondar y 
deposits than in the finer and loirger staples, which 
cannot resist torsiorr so well Hence we have the most 
numerous twists irt the finest cottorr. The following table 
gives an approximate estimate of the number of twists 
per inch in various classes of cotton, hut these are foutrd 
to differ very considerably in fibres evmt from the same 
boll 

SrUMRER OK CONVOI.UTIONS IN COTTON FIBRE 



No. Tostefl. 

Maxiniuin. 

Mniiiiiinii. 

Mean. 

Sea Island 

i f,0 

360 

240 

300 

Egyptian 

:»o 

280 

17.5 

228 

Brazilian 

i f)0 

260 ; 

168 

210 

Amcricair (Orleans). 

i TiO i 

210 1 

144 

192 

Indian (Surat) 

50 

190 

120 

150 
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These were taken in one year in winch the cotton was 
all of good (juality, and lepiesent the twists in both 
directi(^8, as it was impossible to distinguish between 
them, it may be noticed that this reversion in twist is an 
additional advautiige in cotton-spinning, becau.se it increases 
the locking action of the fibres when the twist is put in. as 
they are analogous To the holding power of a combined 



Fla. 45.—Sections of Cotton Fibres, x 200 diameters, 

A. Immaluve or (lead fibres. H. lliUf ni)e fibres. 

l\ Fully llbiTs. 

right- and left-handed screw, and so hold in whichever 
direction the torsion comes. 

Cross-sections, through the various parts of the mature 
cotton, as growing upon the various positions on the seed, 
exhibit almost every variety-of form corresponding to the 
different states of growth, from a thin pellucid line to the 
full robust fibre with thick cell-walls, and in some, with 
high magnifying power, all the various parts as exhibited in 
Fig. 36, can be faintly seen. 

In Fig. 45 an illustration of such sections is given in 
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which the various classes are seen exhibiting the distinct 
dift'erences. At A are seen the thin rihbon-liko line and 
variations in the thickness until they shade into |^, which 
represents the half ripe, or arrestcd-devclopnont shige, in 
which the collapse of the tube-walls is quite distinct, 
sometimes filling up the centre cavity. C 0 show the fully 
ripe fibres with strong, well-devebped walls and the 
secondary deposits, almost and in some cases completely 
filling up the whole of the interior of the fibre. Also the 
greater density of the innermost lining. This denser layer, 
which l>lays such an important [Kirt in tl.e t wisting of the 
fibre, may either be a special third layer, or may arise from 
the shrinking in of the second layer, and also from being 
formed from the last remains of the protojrlasni which 
is probably thicker or more inspissated as the in ogress of 
the deposition of the layer continues. 

The sections of all classes of cotton are very similar in 
appearance, only larger in diameter in the coarser kinds ; 
and it may be noticed that it is the shorter cottons which 
exhibit the greatest and most robust sections, and these 
seem, on the average, to be inversely proportional to their 
length, so that although the diameter is so much smaller in 
a Sea Island or Egyptian fibre than in a Surat of coarse 
Peruvian fibre, the total area of the interior of the central 
cavity or lumen is roughly similar, and will hold the same 
amount of secondary deposit, although in the coarse fibre 
it is thicker on the walls, and in the other deposited over 
a larger area. This also accounts for the difference in 
breaking strain, as will be seen hereafter, and also for the 
small difference in the weight of each fibre, as they, on 
the average, when fully ripe, contain the same amount of 
material, the length of one making up for the thickness 
of the other, A number of fibres of good American 
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cotton were earefiilly counted and weighed on a delicate 
chemical balance, and it was found tliat, based on this 
weighir^, from 14,000 to 20,000 fibres only weighed one 
grain, so that it required 140,000,000 for every pound, 
and each hair only weighs on the average j-’(,jjj,th part of 
a grain. Taking jie average length of an Amcriean 
cotton fibre, if they wore placed "end to end, they would 
reach about 2200 miles. 

Diameter and Length of Cotton.- -Cotton grown in 
dififerent ]>arts of the world diflers considerably in the 
length atnl fineness of the staple, as it is termed, the long 
Sea Island cotton grown on tlrc shores and islands of the 
coast of Florida and Georgia attaining a length of nearly 
two inches, while the short native cotton of India scarcely 
exceeds | of an inch. 

The district, how'ever, does not seem to afi'ect the 
length of the staple so much as the cliaracter of the seed 
from which it is grown, as Sea Island cotton seed has in 
India produced a fibre liable shorter in staple than when 
grown in its native habitat, although prohablj’, if grown 
for a number of years without fresh seed, it might alter in 
this respect as a result of climate and environment. The 
following table, taken from Evan Leigh’s Bdem of Cotton 
Bpiuninij, published about tw'enty years ago, and now out of 
date as regards the mechanical part, gives the length and 
relative fineness of staple in cotton from various localities ; 
it was the result of a large number of measurements taken 
from fully ripe fibres and corresponds very clostly to the 
measurements taken quite recently. 

They can only, however, be taken as approximate for any 
given season, as the average length and diameter vary in 
different years for the same class of cotton grown in the 
same district and country. It is also a well-known fact 
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tlwt, from year to year, in any class of cotton, such as 
American or Egyptian, the degree of aburnhjnce of long or 
short stapled cotton varies cotisiderably, as we^ as the 
fineness and general silkincss of the fibres •composing it. 
The cotton crop is like the fruit crop, which from year 
to year differs both in qnality and. (piantity, the best 
seasons which favour the crop in e^ery respect producing 
both in the highest degree. 

A considerable nund)er of fibres from the difi'erent 
classes of cotton given in this table have been measured 
during the past few years, but the results on the average 
do not iliffer very widely, from those contained in this 
table. 


[Table 
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Wry similar measurements to the>e were Jiiade by Captain J. Mitcliell of the Go\ crnment Central Museum. Mudra".. 
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Variation in Length and Diameter.— From this 
table it will be seen that there is considerable variation 
both in the length and diameter of fibres of cottiri grown 
in the same district, a difference which arises'from a variety 
of causes, and is influenced also to a larger or smaller 
extent by the climate which varies frotn year to year. 

As a rule also it wilf be seen. from this table that the 
longest fibres have the smallest diameter, and are therefore 
finer and silkier in the staple. 

The extreme variation in the length of the staple is as 
follows:— 


America (Orleans! 

. 0'28 of an 

inch. 

Sea Island 

. 0-39 „ 

Jt 

Brazilian 

, 0-28 „ 


Egyptian 

. 0-22 ., 


Indian (Surat) . 

. 0-25 „ 

51 

The extreme variation in 

the diameter of the individual 

fibres is:— 

Inch. 

Fraction. 

American (Orleans) 

. 0-000390 

2^V(T 

Sea Island 

. 0000360 

ytVt 

Brazilian . 

. 0000340 

2 941 

Egyptian . 

. 0-000130 

TB^92 

Indian (Surat) . 

. 0-000342 


From this table it appears that Egyptian cotton is the 


most regular, both in length and diameter of fibre, the 
greatest difference being .^^ths of an inch in length, and 
Yg'j-jnd of an inch in diameter; while Sea Island cotton, 
although possessing the greatest length and smallest d iameter 
of fibre, exhibits also the greatest variation, viz., ^%th8 of 
an inch in length and ■ 27 ’ 7 Tth of an inch in the diameter 
of the individual fibres. It will also be seen that the 
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variation in tho diameter is proportionally very much 
larger than the variation in the lengtli; and indeed this 
peculiaril*' strikes the eye at once when looking down into 
the tangled plexus of a lock of cotton placed under a low 
power within the field of tho microscope, and it is a matter 
of astonishment, considering the variation in tho fibres, 
that yams can be made so regular and even as they are 
now produced by the moat improved machinery. 

The figures given above are not easy to carry in the 
mind, and especially to persons not accustomed to micro- 
•scopical measurements, and the relation between the 
diameter and length may be illustrated by the fact that if 
an average staple or fibre of good American (Orleans) 
cotton was magnified until it was one inch in diameter, it 

V ould be a little over 100 feet long, and a Sea Island or 
very fine Egyptian fibre magnified to the same diameter 
would appear 130 feet long. 

Each individual fibre also varies in diameter in different 
parts of its length, being, however, when fresh from the 
boll, as a rule pretty uniform, until about three-fourths of 
its length is reached, when it gradually tapers off at the end. 
farthest from the seed to about one-fifth of its maximum 
diameter, and ends somewhat abrni)tly, not uidike the 
extremity of a worm, as may be seen at E in Fig. 31. Tho 
end is sometimes bifurcated, and is usually solid and round 
in section. Unless taken direct from the boll it is difficult 
to find a continuous fibre after the ginning process, because 
the ends are frequently broken off and terminate in a 
ragged edge. The same remark applies to the root. 

The variation in length of the fibre is best seen 
graphically in the following table, where the length of each 
kind of fibre is presented in maximum and minimum inches 
and decimals of an inch. 
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American cotton, which forms the greatest portion of 
the world’s supply, has been examined in regard to the 
averagc\length and maximum and minimum length and 
diameter, andsilao in regard to the breaking strength of the 
fibres and weight of the seeds. State by State, in the 
United States, by ^’rofcssor Ordway; and the following 
table is teken from tlfe United States Tenth Census Report. 


AVEKAIJKS OK EACH STATE 


Ndino of 
Stdtf 


Xi». nf 
JSiuiijiIcs. 






Alabama . 

bO 

1-427 

0-789 

1 027 

0-896 

137-8 

12-38 

Arkansas ' 

i:} 

1-143 

0-965 

1 -036 

0-917 

134-7 

13-36 

Arizona . 

4 

ri‘)2 

0-745 

0-969 

0-957 

133-7 

11-96 

Oaliloriiia 

1!) 

1 -669 

o-.w 

1-079 

0-92] 

344-6 

12-58 

Florida . 

45 

1-9I0 

0-854 

1-384 

0-793 

124-1 

12-64 

(leoi^:ia . 

52 

1-572 

0-806 

1-066 

0 913 

136-9 

12-80 

Indian 

2 

1-140 

1 -023 

1-081 

0-9(‘5 

119-3 

13*42 

Terntory 








1/onisiana 

24 

1 -2f)7 

0-862 

1 -069 

0-882 

127-5 

13-01 

Mississip]n 

IH 

1-282 

0-810 

1047 

0-957 

134-3 

12-11 

Missouri . 

H 

1*260 

0-907 

1-098 

0 890 

136-4 

12-76 

Kortl) 

94 

1 -357 

0-695 

1058 

0-929 

132-7 

12*55 

Carolina 








Houtli 

26 

1 -996 

0-776 

1-234 

0-957 

120-3 

11*80 ■ 

Carolina 








Tennessee 

7 

; li31 

0-821 

0-992 

0-898 

133-3 

12-33 

Texas. . 

72 

j 1-380 

0-819 

1-075 

0-897 

132-8 

13-07 ■ 

Virginia . 

8 

1 1-366 

0 883 

1-060 

0*945 

126-1 

14-00 


Since this table was published considerable improvement 
has been made in the quality of special growths in the 
United States, and this has been specially the case in some 
of the Sea Island varieties, and filwes have now been obtained 
which are above 2| inches long. 

A careful examination was also made to determine if 
there was any great variation between the average length 
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of the fibres before commencing the process of miinufaeture 
and after the cotton had passed through the earlier stages 
in tile card-room up to the last head of dravvinj^. This 
examination was made exclusively with Kgyplian cotton, 
but no difference could, on the average, be established, as it 
was found that as gooil staple in Iciigth, when measured, 
could be ofitained from the last liead of drawing as could be 
drawn out of the cotton in the mixing, and from this it 
appears that when the scutching, carding, combing, and 
drawing are correctly performed no deterioiation in this 
respect occurs. Tlie average diameter of the fibres remained 
also the same. . , 

The cotton was also carefully examined to sec if there 
was any deterioration or injury to the fibre by breaking 
or cutting during the carding process, and it was found 
that when the cards were properly set the fibre was 
entirely uninjured. When, however, the card was im¬ 
properly set, an<l specially in regard to the revolving flats,, 
injury was detected in many fibres, causing increased waste 
and weakening of the yarn. Excessive speed in the card 
caused rapid deterioration, probably occasioned by the 
“ snatching ” of the fibre in place of gentle lashing and 
combing by the teeth of the fillet. 



(’HAI’TKR VI 

CIIKMISTKV OF 'I'llF (.^OTTOX FlliKK 

the lalionilory (if Xatiice climiees ace always 

irriiig, both of a iiii'chaiiical ami chemical character, and 
(lost eases these arc not separate but eoncurroiit and 
iltaneoiis. Living material is always in a state of 
able'eiiuilibrium, building itself up and breaking itself 
n, and upon these changes the development and con- 
ance of the living organism depend. 

.'ho unit of all living organisms, whether vegetable of 
lal, is the cell, and from this cell, by means of multi- 
tion and differentiation, all the various parts and 
ns of both plants and aidmals are derived. 

''egetable cells are always larger than animal cells, 
aro distinguished by being surrounded by firm walls, 
h mark their boundary and separate them from each 
r. If an active living cell is ^observed through the 
oscope it will usually be found to be, in the vegetable 
sf more or less transparent cubical or tabular cavity 
ised within a bounding pellicle or membrane, and filled 
a transparent fluid. In all these cells there will 
ys be found, and clearly distingnishable, a round Ixaly, 
a delicate membraneous wall, which fills the greater 
of the interior of the cell. This body is termed the 
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nucleus, and it is usually surrounded on every side by a 
number of semi-tranajmrcnt colourless bodies which are 
highly refractive, and arc called chromatojdiores cA' pigincnt- 
btiarors, because they often contain granular colouring 
matter. This nucleus with the surrounding chromalo- 
phores floats in a transparent granular semi-fluid substance, 
which fills all the interior of the cell, and is termed the 
cytoplasm or cell-])lasm. In the interior of the nucleus 
there is also a small round body, with a well-defined 
globular boundary and having a darker mass in the centie. 
Thi.s is called the nucleolus, and the whole of the cell- 
contents, including the cytoplasm, chromatophores, nucleus, 
and nucleolus, form what is termed, as a general name for 
the whole of the elements or protoplast, which coustitutes 
the living portion of a vegetoble cell. Protoplasm. 

Strasburger, in 187.'), discovered that thi.s nucleus is not 
only a permanent organ of the cell, but also that certain 
definite constituents of it are transmitted in unbroken 
Sequence from one cell generation to another, and all recent 
investigations have shown the supreme importance of the 
nucleus in directing and controlling the metabolic activities. 
It seems, indeed, certain that the nucleus is absolutely 
essential in association with the cytoplasm if the cell is to 
continue its ordinary vital function.s, and manifest those 
chemical and physical projierties ujmn which its growth 
and multiplication depend. In some way it appears 
certain that the nucleus or some comstituents of it arc the 
prime movers, or exercise a directional influence on the 
changes in the association of the chromatophores which 
make themselves apparent in such characteristics as form, 
colour, etc., which are manifest in the after development of 
the ovule of which the cell forms a part, and which give 
to it its distinctive peculiarities and individuality, and thus 
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pi'eservo its kind. It may indeed l)e said tliat the act of 
fertilisation 1>); tlic ))oll(‘n sjjerni-nnclei conveyed by tlie 
pollen tubes into the ovules, consists not only in the union 
of nude and fehiale cells, but abso, as discovered by llertwig, 
in the muon of the two cell-nuclei, which is an essential 
part of l.he proces.s., The result is that as soon as this 
chiingo is roni])leted no other sperifi-nuclci can be received 



A. ivil-wall. C. Cliroiu.itopboros. 

il. C’.vtojdawn. 1>. Menibnine of imdeiis. 

E. N’ucli'ohis. 


into the cell, and if any succeed in ]>enetrating, they are 
immediately destroyed by a change which has occurred in 
the cytoplasmic constituents of the cell.* 

l)’ig. 4C is a diagrammatic representation of such a 
typical cell when magidfied about 750 diameters. A is the 
cell-wall, B the granular cytoplasm, 0 the chromatophores, 
D the membrane or pellicle surrounding the nucleus, 
and E the nucleolus with the dark concentric centre. 

' Prac. Society, Series It, vol. Ixxix, pp. 446 an 1 460. 
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Protoplasm, which consists of the wliole of tlic pro- 
tpphist contuiiieil witliin tlie cell, hiis he,<'n tciiinnl the 
“pliysiciil basis of life,” because il is never jircseiit in 
anything which has not had life, and alwViys present in 
living organisms. So far as is known, it i.s identicid in 
character in both jdants and animals.. It is the portion of 
each of these, from which the substance of the orgiinism is 
derived, an<l its action the ctutse, why they pel form their 
functions. Cellnlosc is produced from the jirimaiy sugar¬ 
like. carbohydrates. 1’he transformation is etl'ected by the 
living protojilasts wdiich form a layer of cellulose on their 
periphery, called the cell-\vall. At first this cellulose is 
deposited chemictdly jmre, and then, according to need, 
the carbohydrate is change.d by the protoiilasm, either 
wdiolly or in part, into the carbohydrates which have 
special functions to perform. 'J'he protoplasm also forms 
cellulose at certain points in the interior of its own 
substance aa well as at its periphery, and in addition 
another carbohydrate called (Iranulose, and the cellulose 
and this graimlose, often vei'y intimately intermixed, 
appear in the form of starch giains or Amylum. There 
is, however, a considerable difference in the relation of the 
protoplasm to the cell in the plant and animal. In the 
latter, diming life, the cell is always continuously filled 
with the |)rotoplasm, whereas in the plant-cell the proto- 
])lasm soon becomes filled with vacant spaces nr areas 
called vacuoles, and tends to concentrate on the walls of 
the cell, when it accretes secondary deposits which 
strengthen the eell-wiill, and change their character as this 
action proceeds into wood fibres, Lignose, and other bodies. 
It is only in young vegetable cells that the whole of the 
cell-cavity is completely filled with protoplasm, and in the 
fully mature cells the cavity becomes entirely emptied of 
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prouiplastii, wliicli is |•(!pliw•(’(l by cell sajis in the acUve 
cells, anil inspissaloil "nmmy niatcn’ial in t.linse wbicli forpi 
the snslaining and strcngtheuin}; ]iarts (if the )ilant. 

. 'J'ho prot;(iphisni, as diatinf'nisheil from the, formed 
material w hieh constitntes llie stahle jiarls of (he plant or 
animal, is (diaraeteris*d liv five attrilmte.s viz. - 

1. It, iiossesses, even in the moat rudimentary forms of 
life, the )io«’er of motion or irritahility which enables it to 
re.spond to excitation. 

■J. It lias the faculty of intersusce]»tion and itssimilation, 
uhitdi enables it to take into its .stdrstanee suitable maU'rial 
u]ion which to feed, and to ehan*"e it. into its own substance 
bv digestion. 'I'his ]iroperly is termed Nutrition. 

8. It can grow or increase in size, not by accretion on 
the 0 ((.side, hut by ex]iansion from within. 

^ It possesses the jiower to reproduce its kind cither 
’it division or germination. 

5. It can e.xc.rete from itself other suhstanccs tvhich 
dilier in kind and composition, constituting “formed” 
material. 

The cause of these jiropcrties is, n]i to the present time, 
unknown, but they are alway.? jiresent even in the smallest 
divi.sion which can bo made of protoplasm, and they con¬ 
stitute the did'crencu between living and deiid matter. 

No means are known of investigating its chemical com¬ 
position while living, a.s the application of any reagents 
immediately and jiermanently arrests these functions, and 
death ensues. When examined chemically protojilasm 
yields as the results of analysis--- 

1. IVttler in varying (juantitics, hut at least !■> per cent 
of its weight and often more. 

2. I'rokiils, which are the most abundant and constant 
of organised solids. They are stdistances allied to Albumen, 
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and are C()ni])Osed of Carbon, Hydrogen, Nit,rof;en, Oxygen, 
Svl])hur, and l’hosj)horiis in small ((uantify. The pro- 
teids, obtained from the nuclei of the cell ratlicr than fi'om 
the whole of the pi'otoplast, contain the largest amount of 
phosphorus, ami this substance is calhal Xuclein. 

3. Mineral constituents or ash. ' 

Active protophesm gives an alkidine and sonietinies a 
neutral reaction, but never an acid one. Like allnimen, the 
protoplasm of the higher plants coagulates at Il’O" F., and 
when in a less fluid condition, as in spores and seeds, a 
considerably higher temperature is necessary, but when 
co.agulalion has once occurred death takes jilacc, and there 
is no possible means of resuscitation. 

A certain amount of mineral matter also is always pre¬ 
sent, but it seems to vary in (|uanlity as well a,s character 
with differences in the composition of the soil upon which 
the plant is grown. Under certain circumstances also the 
loss of waiter enables the protopla.sm to become less active, 
and all its properties lie dormant even for years, and on 
again obtaining a frc.sh su]iply of moisture to resume its 
active condition again. This occurs when seeds are kept 
for years. 

Besides the bodies named above protoplasm always con¬ 
tains, though )irobably not as an integral part of its 
substance, derivatives, products of albuminates, particularly 
amides and also ferments such as diastase; at times 
alkaloids, and always carbohydrates and fata. 

Protoplasm, whether living or dead, is strongly hygro¬ 
scopic, but the distinction is singularly marked, if any 
colouring matter is associated with the water. Thus if 
living protoplasm is treated with carmine it remains un¬ 
stained so long as it remains alive, but if dead the colouring 
matter pervades its whole substance, and even concentrates 
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in it, so that the protoplasm acquires a deeper shiin than 
that visible in {he colouring solution. This enables the 
living protoplasm to ho at once differentiated from the 
fonned or excreted material, and so enables the tvro to he 
distinguished fi’om each other, which greatly assists in 
microscopical researcli. 

Protoplasm is a most complicated body, and although 
many ultimate analyses have been made, it is so far 
impossible to airive at any conclusion in regard to the 
arrangement of the constituents within the molecule. 

Function of Protoplasm.— The action of the proto¬ 
plasm within the growing unicellular fibre of the cotton 
seed is to assimilate the nutritive material stored within 
the developing ovule, and to excrete the materials which 
go to furnish the growth of the fibre and the subsequent 
deposit of the secondary products on the interior of the 
fibie wall. The method of deposition has already been 
(onsidered in the last chajiter, and the function of the 
pei toplasm ceases when the fibre has reached maturity, and 
the cell-contents arc entirely absorbed or changed into the 
substance of the fibre. 

As might he anticipated, these formed or excreted 
materials are not all of one chemical constitution, but 
consist of a number of substances possessing different 
qualities, and upon these the composition and chemical 
reaction of the fibre depend. By far the largest portion of 
the cotton fibre consists of a substance called Cellulose, of 
which there are, however, many varieties, so that the term 
must lie taken to represent, unless specially indicated, a 
group of closely allied bodies rather than a single chemical 
substance. They are all, however, very stable compounds, 
being insoluble in all simple solvents, and are non- 
nitrogenoua and belonging to the chemical group known as 
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oarlioliydrates, .•dl nf wliicli are funned liy the riiiioii of 
f'arhon, llydrofjeii, anil Oxygon, accoidinf; to the empirical 
formula ,!*,„• i'> "diicli the sin"le hoiid linkinj; of the 
earhon atom iiidversally jirevails. All their rcact.ions also 
are indicative of “saturated ’’ compounds. 

The researches of Messrs, (.'ross aijd llcyan, who are the 
;.trcat authorities on cellulose, havh thrown considerable 
lijjht on the character and reaction of the.se bodies; and in 
relation to them they remark, “It must be noted here that 
the typical celluloses are not sejiarated from the ]ilant in 
a pure state but in admixture, or in intiriate cbendcal 
union with other compoiKids or p;rou]is of compounds.” 
The latter are distinguished by greater leactivity, c.i/. they 
readily yield to .alkaline hydrolysis ()iectic bodies), to 
o.vid.ation (colouring matters), or to the action of the 
halogens. In the latter is included the very important 
group of lignilied celluloses or lignocolhiloses (woods), 
distinguished by the presence of ketidiexene groups in 
UTiion with the cellulose, and therefore combining directly 
with the halogems. These points are sufflcienl. to indicate 
the principles underlying the usual method adopted in the 
laboratory' for the isolation of cellulose from vegetable raw 
niiiterial, which consists in- 

I. Alkaline hydrolysis, boiling the tissue or fibres in 
solutions of the alk,aline hydrates (1 to 3 per cent NaOH) 
and after washing, 

3. Exposure to the action of a halogen Chlorine gius (Cl) 
or Bromine water at the ordinary temperature, and then, 

3. A second alkaline hydroh'sis, boiling in alk,aline 
solution, e.g., sodium sulphite, carbonate or hydrate, to 
complete the resolution, and to dissolve away the products 
formed from the non-cellulose comstituonts by the preced¬ 
ing treatment. 
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After sueh trciitnient, and thonnigli wiiRliing, th<' 
material is treatvd exliaiistivcly iritli alcohol and with etho),', 
111 remove fatty or resinous liy-jirodncts of the oxidation. 

.Cellulose Witained in this way from raw fihrons 
materials, e.i/., cotton, flax, henij) or ramie fibre, is a white 
snh-tance distingnislmil by more or less lustre and trans- 
Ineenct’, reljiining the structtiral eharacl.eristies of the raw 
material. 

I’nre cellulose is almost indestrnetihle, and can only he 
brought into a state of iiutrefaction in l.he ])rosenee of 
nitrogenous boilies. When heated, it loses water u|) to a 
certain iioint, as it is very hyjtrosco|)ic, but at. F. it. 
commences to l.urn brown and then, as the heat is raised, 
i- eomjiletely carbonised. When subjected to dry distilla¬ 
tion b breaks up into a number of bodies such a.s water, 
ctirbonic aciil, methane, ethane, methyl alcohol, acetic acid, 
iiiid other ])roiluctR, depending on the teni])erature at which 
t! e (i'stillation takes place, and also upon the inpidity with 
which the process is conducted. Cellulose is not soluble 
in cold ^ir hot water up to the boiling point, even when 
the boiling is long cominued, but if the temperature i.s 
rai.-.ed under pressure as in a digester, then at over 500” F. 
it is eomjiletely dissolved and decomposed. 

It has a .specific grav ity of about 1'.5, and is chemically 
di.stinguished amongst the class of carbohydrates for its 
negative and non-rcactive characteristics. 

The emjiiricid composition of pure cellulose is rcjircsented 
by the following formula;— 

Carbon . . • . 44 i! Jier cent 

Hydrogen.... (!'3 ., 

Oxygen . , . 49-.n „ 


100-0 
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This corresponds with the statistical formula, when 
perfectly ])ure and free from iish, of C.ll^iP., though it is 
probihly a multiple of this, and is more generally regarded 
as he.ing represouted by the formula (('^ M |„1X ).x, which 
signifies that the cellulose molecule, in the sense of the 
reacting unit, is a variable quantity, and that, while under 
certain conditions the fondmicies are towai'ds aggregation, 
as in the thioiarhonate reaction, under others the tendency 
is towards a iii’ogressi ve disintegration which is notably the 
case in regard to tlie action of sulphiirii! acid in which 
there is a perfectly gr-adiial transition from the colloid 
molecule to the simple dcitrose unit, a crystallisable solid 
of low moiecular weight. 

There h.as been a considerable amount of speculation 
amongst chemists as to the triU! nature and constitution of 
cellulose, hut there is, so far, so little experimental data 
on which to frame an intelligent theory, that the most 
of these speculations have little moie lhan a provisional 
value. 

In this point Messrs. Cross and Hevan ’ say as follows:— 
“ No purely chemicjil synthesis of a compound similar to 
cellulose has been attempted ; we are therefore without the 
essential criterion of the correctness of any general formula 
which might he proposed, if only as a condensed expression 
of the relationship and fixnctions of its constituent groups. 
But although no such formula can ho proposed, having any 
but a speculative value, it will bo a useful guide to future 
investigation to sum up the reactions which throw a direct 
light upon the function of a cellulose molecule as a whole, 
and of its constituent groups. 

1. The resolution by sulphuric acid and subsequent 
hydrolysis of the esters formed in the reaction into simple 
' CelMose, by Cross an«l Bevan. Longmans, London, 1903. 
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carbohydrate, viz. dextrose! molccides.” Cellulose is there¬ 
fore, in thi.s senee, an anhydro-aggregiite of the aldose, 
groups 

2. I’artiid resolution under the action of hydrochloric 
acid iittcndeel by the seUing free of CO groups. 

In cellulose the carljonyl grou))s are su])pressed ; that is, 
they eitlier e.xist in combination, as* in the acetols, or are 
suscej)tible of an alteriiivtive form, the carbonyl becoming 
hydroxyl oxygen. 

.1. Complete [iroximate resolution by fusion with alkaline 
hydrates into hydi-ogen, carboidc, oxalic, and acetic acids, 
the yield of the latter tending to a maximum of 30 to 3.1 
per cent, which indicates that the group CO-CH,, is an 
important clement in the constitution of the unit gixnijis. 

4-. Negative characteristic.s. Those are :— 

(a) Those which characterise generally the “saturated” 
compounds, in which group cellulose must bo 
classed. 

(h) Resistance to alkidine reaction. 

(c) Resistance to oxidising action up to a certain point 
ol intensity. 

{(1) Resistance to acetylation; recpiiring either very high 
temperature or the pre.sence of an auxiliary 
(ZiiCl,,) for the determination of re.actions of its 
OH groups with the acid oxide. 

5. Synthetical reactions. Of those the most definite 
are those which yield esters; viz., nitrates, acetates, and 
benzoates. The highest nitrate attainable appears to be 
the trinitrate (hexanitrate in the formula). A higher- 
degree of acetylation has been obtained, but there is un¬ 
doubted evidence that this results from molecular resolu¬ 
tion (hydrolysis). The conclusion to be drawn from the 
relationship of these esters to the parent molecule is, that. 
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of five 0 idoms in tlie foimuln ''oni't as Oil 

oxygen with i-elo.ntion of the original <-oitlignni,tion of the 
inolciailo. 

The thioearhonate reaetion Jiiiilier "elnealates the 
fiinetion of tlie OH groujis, and. tlie resi^tanee of the 
niolcenle to the h.vdrolysis. It. con.^tilntes a further 
distinction of the celliLlos<w from starch, as a tyjie of 
nioleenlar eonfigimition ; starch failing to give any delinite 
indications of this reaction, and, in contrast to cellulose, 
heiiig (niiinently snsceptihlc to hyilrolytic resolntiun. 

To snm 11 ]) the more ]>r(iininent points in the evidence 
of coiistilnlion, we are 'entitled to regard eellnlose as 
conforming in regard to its ultimate constituent gronjis to 
the general features of the simpler carhohydi-ates of well- 
ascertained constitution, but dill'erentiated by a s|)ccial 
molecular coniiguration, resulting in a suiijircssion of 
activity of the constituent groiijis in certain resjjects, 
but on the, other hand conferring greater reactivity in 
others. 

While the ])rnporties and charaetcristies of cotton eellnlose 
are in such-wise rejiresentiitivc that tliis siihslanee may he 
regarded as tv|iicai cellulose, the diHerentiation of this, as 
of every other group of ti.s.sne constituents, in conformity 
with functional variation, necessarily covers a wide range 
of divergences. 

The molecular contigiiration involves, jiriniarily, the 
ijiiestion of the mode of arrangoinent of the carliim witli 
the qualifying liydrogen atoms within the unit groups, 
which, for the reasons given, may be assumed to bo of the 
dimensions 0^.; ajid secondly, the groujiing of these into 
the .aggregate, which may he. regarded as constituting the 
true molecule of cellulose. 

Next in importance .are those modifications of configura- 
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lion wliiuli ai-c bound u[) with the disposition of the 0 
atoms. Ill rcgin'd to earboii coiiligiii'iitioiis the evidences 
are rather indirect than iletermiiiahle by tile actual 
projierties of ct’llulo.se itself. The choice obviously lic.s 
between a chain and cyclic formula for the unit group.s. 
The balance of evidemvi is in favour of a cyclic fonniila for 
the following reasons. * 

1. The general dillerentiation of cellnlo.se in regard 
to slaliility, which points to a .symmetrical formula, as 
distinguisheil from the normal chain upon which the 
he.vosos are represented. 

■J. The formation of a citllnlosi'acetate of the composithjii 
(' II,(.)(OAc)|, in which only 'In carbon valencies are taken 
np in “outside” combination. 

3. The simjtlc tind manifohl transition.? of cellulose, in 
the plant world into keto R-liexenc and benzene derivatives. 
The process of lignitication in the plant-cell is characterised 
b ' tl.e formation of groujis of the general form 

/(JIUCIK 

t'.0< >CH., 

-(K 

(Oil)., (OH)., 

These groups remain intimately associated with the 
cellulose of the cell or fibre in combination, a.s a compounil 
cellulose. These derived celluloses exhibit a close general 
conformity with the jiarent type, that is, ajiart from, or in 
addition to the special properties and reactions due to the 
IJresence of the hexene ring, in all the typical characteristics 
of the cellulose proper. 

It appears, therefore, that cellulose may be considered as 
a derivative of the closed chain seiies of carbohydrates, 
that although its empirical formula, as derived from 
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ultimate analysis is represented as O', that this does 

not rcjircscnt the true complexity of the pioleciile wlnn'o it 
is probably always doidihi or quadru])le. This determina¬ 
tion is based upon a study of its vapious synthetical 
derivatives, with S]ieeial reference to its esters, such as 
the acetates, nitrates, and benzoatps. In relation to the 
acetates, Cross an<l Ildvan note thal in celkdose rcj^imei'ated 
from solution as a thiocarbonate, the cellidose reacts 
ilirectly with acetic ardiydride under what may he 
considered normal conditions, and the analysis of this 
acetate shows satisfactory coincidence of nniiibers for those 
calculated for a tctra-acatatc . (UC,,II,.0)^). The 

specific gravity of this acetate is T21. It is soluble in 
acetone methyl alcohol, glacial acetic acid, and nitro¬ 
benzene, It dissolves in concentrated nitric acid, and is 
luecipitjited unchanged on dilution. They consider that 
if this formula is confiriued by further and exhaustive 
investigation, that the cellulose unit must h(^ . (OH^), 

and this is consistent with a cyclical arrangement of the 
cai'bon nuclei, and jirohahly a symmetrical disposition of 
the OH groups. There is also evidence that in pure 
cellulose, derived from the cotton fibre, there are no un¬ 
saturated carbon bonds, because a solution in zinc chloride 
exhibits no ahsoiqition of bromine, whereas in liguo-cellulose 
absorption occurs. 

Some chemists prefer to consider cellulose as a polyose 
of high molecular weight, a mixture of groups of variable 
and undetermined dimensions, of which only the ultimate 
terms are known, such as CH/JII, CHOIl, and CO, but 
the anhydride forms of the OH groups and the position 
or positions of the CO groups remain undetermined and 
awaiting further research. More recently, however, a tri- 
acetylmonobenzoate and a tetrabenzoate have been formed. 
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from wliich tlic presence of four hydroxyl groups may be 
inferred, and it,is considered by some to be a triutoinic 
alcohol, since 'when it is heated with acetic anhydride it 
furnishes a triacetyl derivative which with potash, soda, 
and lead o.vide forms loose saline compounds which behave 
like alcoholates. 

From the action of zinc chlori'de on cellulose, it has 
been ])resiiined that the molecule or cellulose contains 
liy'droxyl groups, of such a nature as to give it a saltdike 
property, and the solution of cellulose in zinc chloride is 
supposed to he due to the formation of a double salt. 
There also appears to he a chemical reaction of limited 
degree between the cellulose and dilute solutions of caustic 
alkalies atid miner'al acids. 

Aci'ordiug to Mills, the relative molecular ratio of the 
absoriition by cellulose of alkalies and acids is rejiresented 
b)' the fornuila lON'atlH : 31101. 

Fiofn this and other considerations it appears that 
cellulose exhibits the properties of a feeble acid and a 
■•till more feeble base. 

Cellulose Molecule. —liased upon a study of the 
highest nitrate of cellulose, and the decomposition <if the 
nitrate by alkalies with the formation of hydroxy-pyruvic 
acid, Vignon has projiosed to give to cellulose the following 
constitutional formida 

0-CH 

O^(CIIOH)^; 

CH,—CH 

hut until further information based upon experimental 
data is forthcoming, it can only be received provisionally. 

The same chemist from the study of the osazones of 
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(i.\ycellnli)se 1ms ascriljocl to 
yoiistit-ut-ioiial formula• 


this lioily oxycpllulose, the 

('OH 


(f'HOll),, 


tll--('0 



() 


in imioii with varying iiroportions of resi<lnal ecllnlose. 

A. (J. (Ireon (AVr. iicii. den Hhd. ('»/., 190-1, p. IhO) 
maki;s some interesting speculations in regaid to the 
constitution of the cellnlpse nioleeule. and consid<'r.s tliat 
the empirical formula, as usually given, 0,ill||,0-, although 
many reasons may he given to justify it, is not sutliciently 
complex, esi)ecially w'heu viewed in the light of the forma¬ 
tion of such compounds as the higher niliates, which he 
considers could not he formed if the molecule is leprcsented 
hy this formula. He also is of opinion that the fact that 
cellulose can cx-ist in the colloid state and is diflictdtly 
soluble must not he taken to indicats', as pieviotisly 
supposed, that it jiossesses a high molecular weight. 

He proposes, from a series of investigations based on its 
reactions, the following formula for cellulose : 

(:ii(on)— CH—CH—OH 

I )")" 

CH(OH)—ClI—CH,, 

This formula brings forward the aldehyde nature of 
cellulose as follows:— 


(TI(OH)—CH—OH 

1 > 

CH(OH)—CH.,, 
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which ))y fixation of water liccomes 

CH{()1I)—CH(OH) 

1 

CH(()H)—CH.,—(OH); and then 

CH(Oll)—OHO 

1 

('H(()H) -('H.,(OH). 

])reaper (j'kem. and I'ki/s. of Jhie.iiui, I'JOG, p. 15) points 
o\it that from the ionic point of view cellulose must be 
regarded as an aggregate of ions which take their origin 
under special conditions present hi the plant cells, in which 
celluloses are present as mass aggregates. The cellulose 
aggregate is, therefore, regarded as a mixture of ions of 
varyin," diiuensiona. As a conscipience, cellulose, as a 
typical colloid, has no reacting unit as a body which takes 
l.he crystalline form, nor a fixed molecular constitution 
sn di an can be represented by any constitutional formula, 
the ' ellulose molecule not being regarded as a static unit 
measurable in the ordinary physical units so ranch as a 
dynamic ecjuilibrinm; its reacting unit at any moment 
being a function of the condition under which it is jilaced. 
This view is probably generally correct, in so far as in almost 
every form in which cellulose may be supposed to exist 
in the cotton fibre there are only a few cases in which the 
whole of the cell-contents have attained comjdete conversion, 
at the same time, into the perfectly stable cellulose molecule, 
which it is only reasonable to believe, when the change in 
every jrart is complete, may be capable of expression in an 
empirical formula, while this may not be the case in the 
aggregate as usually existing, and in which it cannot react 
as a fixed and stable unit in the same way as would be 
possible if the conversion was universally complete. 
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Solubility of Cellulose. Cellulose is inanluble in 
either wiitcr up to 400“ F. or iilkalies. When acted upon 
by coiuanitrated snl|)hnrie acid it is converted into dextrose. 
After treatment with sulphuric or phosjihoric acid, iodine 
will colour it blue, it also give.s a similar reaction when 
exposed to the ainiultaneous action of a concentrated solu¬ 
tion of certain salts, such as /.inc or aluininium chloride and 
of iodine. Chloroiodide of xinc, which gives a blue, colour, is 
one of the most convenient tests for cellulose. 

The cotton libre, as it is tiken from the boll when fully 
ripe, consists of a number of (liHerent chemical substances, 
and is never pure cellulose. These various bodies may be. 
enumerated as follows. 

1. ('ellnlose, which may be identified by the above test 
or by a red stain with Congo red. 

•2. Pectose, easily distingui.shed by the I’eadincss with 
which it ilissolved in alkalies aftei' being previously acted 
upon by dilute acid or by being coloured blue when stained 
with methylene blue or s;dranin. 

.1. Various fats, oils, and waxes. 

4. Unchanged cell-contents, such as callose, which is 
characterised by being soluble in smla solution, but insoluble 
in cuprammonium. It is coloured red-brown by chloro¬ 
iodide of zinc, and a brilliant red by rcsolic acid or corollin. 

,1. Various mineral salts, such as those of potassium, 
sodium, lime, magnesia, iron, and sometime.s aluminium. 

The proportions in which these exist may bo roughly 
estimated as follows. The composition, however, varies 
to a small extent with the nature of the cotton, and also 
the degree of ripeness, and in difl'erent seasons, of which 
this table is an average of three years. 
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Pure Cellulose. -■ Ti) prepare I)iire cellulose from 
colJou lil)ro, luid fi-i'O it. from llio above imjmrities, it i.s 
11 -uiil to boil the tibro in a solution of from 1 to 2 per 
Cl nt caustic soda, and after washing to expose it to an 
atmosjihere of chlorine gas, and again Imiling in the 
alkaline solution. A dilute solution of chloride of lime 
wid ii'inove all traces of colouring matter, and treatment 
w'tl. alcohol and ether removes all fat, oily, and resinous 
■uaterials. 

In its jinre state cellulose is a very inert body, and will 
condiine directly only with a few substances, and then only 
with great difliculty and under peculiar conditions. It is 
tpiitc resistant to all jirocesses of oxidation and reduction, 
and to hydrolysis and dehydration, this latter being indeed 
])cculiar to the cotton cellulose, as it is not so great in the 
celluloses derived from other sources, which seems to 
indicate that in the cotton cellulose molecule there are no 
free carbonyl groujis, which are probably the cause of 
greater reactivity in the other celluloses. Cotton cellulose 
also is specially characterised by the fact that it yields no 
furfurol when distilled with acid, and by being precipitated 
unchanged from its solution in a mixture of CS., and 
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NaOH. Tt will afterwards Ijc soeii that alUioiiffh the 
reactions of imre ecliiilose are only feehle, yet, when in 
the condition of cellulose as it exi.sls in the cotton tihro, 
in association with a tmndjer of other hodieS as enumerated 
above, the reactions are much more marked, and s|iecially 
in regard to the mineral matter, which, although only 
small in extent, may and does often appannitly c.anse 
reacti(ms of a more active character, 

'I’lie reactions of pure r<!llnlose also are no guide to 
those which occur as soon as the cellulo.se molecule has 
been disturbed in its arrangement, a,s it there (ixhibits 
considerably wider affinities, and loses much of its inert 
character. These wdll be considered in their proper place, 
and meanwhile with pure cclhdose, the reactions may b(! 
observed as follows :— 

1. Action of Water upon Cellulose.— Water at the 
ordinary temperature and pressure has no influence upon 
cellulose, and even at the boiling point the cellulose 
remains unchanged for almost any length of time. It 
is true an extract of cotton may be obtained by placing 
cotton in water and keeping it for some length of time, 
and also specially when the water is heated and the 
cotton minced or cut into lengths. This extract, which, 
when the water is evaporated, yields an amorphous jelly 
or glue-like .substance which is very hygroscopic, is not, 
however, obtained with pure cellulose, but seems to be 
derived from the soluble constituents of the fibre such as 
gums and unchanged celt-contents, which are more easily 
extracted when the fibres have been minced, because the 
water has more free access into the inner cavity or lumen, 
and so more readily comes in contact with the cell-contents. 
This water extract is undoubtedly of a very complex 
nature, and much seems to dcjicnd both in the quantity 
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and nature of (he exti'act ujam tlie precise mctliod of 
extraction and fctio state in which the fll)res arc when the 
extract is made, Lester, in a pa])er published in the 
Jimnial of the. Soiit'li/ of Clunneiil Indnsin/, March 1902, 
states tliat a comparative test gave 1’73 per cent by 
wci'jht from yarn, as against 2'] 1 per cent when the .same 
yarn was cut to an average length of I of an inch. 

(iiiantities of this sub.stanc(! may bo collected by 
boiling down to dryness the water in which cotton has 
been boiled, and Lester gives the following analysis :— 


ylmiJiiMS of Il'otcr K.rtnirt 


.\sh. ..... 

39-22 per cent 

J'atty Acids (thrown up by ilCl) 

02-30 

Mther Extract .... 

17-52 „ 

f'old water extract 

39-50 „ 

1 Jnsaponifiable matter in ether extract 


of cotton .... 

10-05 

Fatty acid (thrown uj) by llCl) in 


ether extract of cotton 

90-9K 

Vsh of original cotton . 

0-S2 

Ash of cotton after removal of 


water extract 

0-21 „ 

Etlier extract of cotton after removal 


of water extract 

0-314 „ 


It is also interesting to note the ditference in the results 
of the ultimate analysis of the ash of the water extract, 
its compared with the ash of the original cotton before the 
extract was made. 


[Table 
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Ksh ()| Wiitfi 

1 A^li fil Orijimal 

(IllCttll 

IC.'il (’(Hl.stltlH'llU. 

Kxlrjifb 




}iri fPiit 

JUT (TUt 




13-10 

Miij^ucsium l•lll•lK>lllltl‘ . 


7)11 

Alutiilna 

you 

3-UO 

Nou-oxidc . 

tr.Tv'f 

•2-71 

SiliiM .... 

1 -TU 

1-00 

Cali-iiim carboiiali- 

:}-so 

13-.'id 

Sotliniii cailjoiiiitt- 

27*7s 


I’ola'^siinn carbrniati' . 



IVtassiuni .sul|>ln»l** 

30-HO 

32 "20 

I’otassiiini c']iloii(!i- 


2-:i0 

Sodium sulpiiate 

1 

4-GO 


While the cottoii, when exposed to the air after dryiiig, 
will absorb soiieithing like 8 per cent of moisture, when 
exposed to the air this extract will absorb something like 
32 per cent, an<l it is therefore rpiito evident tliat it is of 
an entirely dill'erent nature from that of the cotton. It 
appeans also that the cotton probatily owes some of its 
hygroscopic property to this substance, as long as it is not 
boiled for any length of time or scoured or bleached. 
Kven when pure cellulose is boiled under increased pressure 
it becomes acted upon in proportion to the temperature 
and pressure, and when the pressure is raised to 300 lbs. 
to the sriuaro inch the cellulose becomes eomiiletely 
hydrated, and is changed into bydroccllulose in which 
the cellulose is combined with one more ccpiivalent of 
water, and changes from the donbl(! molecule 
to ' ’ 

Hydro-Cellulose. —This change is more easily accom¬ 
plished when dilute acid, such as sulphuric acid, is present. 
Without the acid, at this pressure, however, in addition to 
hydrocellulose, other bodies, such as formic and acetic 
acid, are formed, and also dextrine-like products. The 
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liydnKielliilosc hus the iipjiearaiice of the cotton out 
of whicli it wii^ foniicd, hut it is fender anil easily^ 
disintograted. It is miinufacturod in large iiiiantities for 
use in the process of making gun-cotton, hecause it is 
found, that if used in jijaoc of colton and treated with the 
.strong acid mixture necessary for forming the hexa-nitrate, 
it yields a more sensitiic gun-cotthn, that is, one which 
explodes more readily, and is, therefore, hetter adapted for 
use in making detonating fuses. 

2. Action of Acids upon Cellulose.- Cellulose is 
acted upon more or less hy all mineral acids, and also by 
many organic aciils, and the extent of the action dc|)ends 
ufion the degree of concentration of the acids and also 
u[ion the tein])erature. Some of these reactions are also 
accompanied by great phy.sical as well as chemical changes. 

Sulphuric acid, when concentrated, readily dissolves 
cellulose, when it forms a viscous solution, which, when 
I .Iter is added, causes a white, amorphous, and gelatinous 
])rccipitate which is called amyloid and has a composition 
represented by the formula a body’ which is 

alliecl to starch, and gives a blue' reaction with iodine the 
same as starch, and is in fact a sugar identical with 
dextrose. 'I'he resolution of the cellulose molecule, by 
the action of sulphuric acid, apjrears to he a progressive 
phenomenon, and results in the formation of a aeries of 
sulphates. All the.se free acids are amorphous bodies, 
which are soluble in alcohol and water, and when boiled 
are completely hydrolisod to glucose and sulphuric acid. 
They also form a complete series of salts with such bases 
as potash, soda, lime, baryta, and metallic oxides such 
as lead. 

If the cellulose is treated with weak acid it is, after a 
time, completely disintegrated, as the result of hydrolysis 
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whci'cby a molcculap change occurs in the fiiire suhstanco, 
rechiciiig it into a fine powder, which , is a hydrate of 
cellulo.se, and which has the composition indicated as above, 
The action of heat greatly increases tlu! 
rapidity of the decomposition. 

Carbonising. —Ui)0n this reaction the carhonising 
process for the extraction of vegetahle fibres from wool or 
woollen rags of mixed goods is founded. When raw w'ool 
is received from the farmer it always contoins burrs, straw, 
and other vegetable matter entangled along with it, and 
which, in many ca.ses, consist of fragments too small to 
he picked out, and uidess these are removed injury is 
caused in the cloth hy the fact that the vegetable and 
animal fibres will not dye e(|ually well; and so wherever 
these small fragments of cellulose are present they leave 
defects in the cloth, in the form of light-coloured spots. 
These defects are specially liable when certiiin colonial 
wools are used which have large quantities of vegetable 
seed entangled in the fleece. The process is also ecjually 
useful where rags are employed to make shoddy or muiigo, 
in which it is often necessary to remove the cotton warp, 
which, if mixed with the wool, would cause defects in the 
goods as above. It is usual now only to apply this process 
to the raw wool and rags, and not to piece goods, because 
it is absolutely necessary that the wool should bo clean, 
and free especially from any fatty matter, as if any is 
present it is fixed by the carbonising agent upon the 
fibre in such a manner that it can scarcely Im removed by 
washing, and unless removed causes trouble and defects 
in dyeing, exactly the same as the vegetable matter. Also 
in goods, cotton or silk is frequently used along with the 
wool in the body of the piece or in the selvage, and 
these would be destroyed in the process. It is found also. 
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tliiit the carbonising agent need not he snliihuric acid as 
above, as tliis, tyiless very dilute, is apt to attack certai:^ 
parts of the wool, and injure its lustre, or form coloured 
compounds with it, wdiich cannot afterwards be removed, 
and which are a great disadvantage where light colours 
are afterwards to be dyed. In some cases, therefore, it is 
advantageous to .substitute for the‘snlplmric acid certain 
othei- acid salts .such as the chloride of magnesium or 
aluminium, altho\igh a higher temperature is necessary 
to effect the reaction than when sulphuric acid is used. 
With the chlorides the ultimate chemical effect is the same 
in i)roducing the hydrocelhdose,*and the earthy ba.ses also 
arc removed like the cellulose in a fine powder which can 
'll! shaken out. When the solution of acid or acid salt is 
.Sucong a lower tempei-aturc is required, but this not 
uufrequently causes defects, and it is therefore usual to use 
low strengths and higher temperature. 

When sulphuric acid is employed the strength is about 
't K.,and the temperature about that of boiling water, 212° F. 
Where magnesium chloride is used the strength which is 
found best is about 9" B., and specially if the wool is of a 
fine quality, and the temperature required is a little over 
300’ F. As soon as the reaction is complete, the removal 
of the residual sidt must be undertaken at once, as an 
oxychloride with a strong alkaline reaction is left behind, 
and this will rapidly attack the wool fibre and injure the 
lustre, even if it does not tender the wool. Where 
aluminium chloride is used the strength required is V B., 
and care must be taken to have the salt as neutral as 
possible. The temjrerature required is about 300° F., and as 
in the case of magnesium chloride an oxychloride is left 
behind, but in this case the reaction is acid and not alkaline. 
In both cases the greatest care must be exercised that the 
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wool is free from groiiso, or metallic soaps are fornietl, 
.which cannot be removed by washing I'fterwiirds. The 
time roijnirod to carbonise dejietid.s on the reagent used. 
With .snljdmric acid of the strength named .abov<! about 
twenty to twenty-live minntes’ e.\p(,)sure to the temperature 
is suttieient. With magnesium chloride forty-five minnte.s 
and with aluminium efdoride about an hour. 

In the eboiee of the reagent to be n.se.il it is important 
to consider tln^ nature of the dye to be em]jloyed on tfie 
wool afterwards, as if acid, the snlphnrie acid jirocess is 
best, because it will not ixapiiia^ to be neutralised, whereas 
this is nece.ssary where aFkaline dyes are to be em[)loyed. 
This neutrali.sation is usually conducted by means of sotij) 
and soda, the former restoring in some degiaa! the softness 
which has been rendered dry and har.sti by the ;ietion of tin? 
earboniser. For neutral dyes when alutnininm chloride has 
been used, no after treatment is reijuired, as in the case of 
magnesium chloride, which for alk.aliini dyes recpiires to be 
neutralised with dilute acid. Sulphuric acid and magnesium 
chloride are the two agents most fisKjuently used. Care 
must be ttiken that the wool is thoroughly and uniformly 
im])regnated with the dilute sidt or acid solution before 
passing iido the stove ; and when it is taken from the stove, 
the wool must be widowed at once, while the carbonised 
material is dry and brittle, and then the washing must be 
complete, either with water in the ciisc of the salts, or the 
soap and soda with the acid, so as to remove all traces of 
the reagent. .Special care must be taken in the case of the 
neutralisation of the acid to remove all traces of the soda, 
or this will cause stains in the goods when certain dyes are 
employed. 

Vegetable ParohmeEt.— When unsized paper is 
treated with strong concentrated sulphuric acid (sp. gr. 
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1*06 to I-75) th(5i-c is foniicd on tlie sui-faco a gelatinous 
layiJi* of hydrate uf cellulose, which fuses the fibres together, 
and forms, when the paper is washed, pressed, and dried, a 
compact surface of amyloid, which gives the paper the same 
ii|)pearance. as parchmeiit, and is now used in place 4>f it. 
The ])a]»er used f<n‘ this process must be unsized and 
porous, th<‘ same as blotting paper, Veause it is essential 
that it should only be exposed to the action <)f the acid for 
as short a time as possible, so as to pi-eveiit an undue i-ise 
in Icmpeiature, and also to eliange as ([uickly as possible 
the solution (»f cellulose in the sultdiuric acid to the con¬ 
dition of amyloid, by passing it'immediately into a large 
(pi.uTtity of water, contact with Avhich innnediately thi'ows 
d'iwn the amyloid and sets free tlui sulphuiic acid, whicli 
ear tl en be coneentratetl again for further use. A few 
seconds only are I’ccpiired to efVect the change, and as there 
i^ a limit to the Lhiekness of paper which can be used, on 
at' ount of the time taken by the acid to penetrate th(‘ 
pa[)er; if greater thii^kncss is rcfpured than can be ct>n- 
veijiiently treaUid, two or more sheets are rolled together 
while the amyloid is in a viscous e(mdition, and thus any 
retpiired thickness can be built up. The pajicr shrinks in 
both thickness and width under the process, and after 
neutralising the acid in an alkaline With the j)aper is 
stretched by suitable means <luring the process of drying, 
both lengthways and laterally, or it would, when passed 
between the drying roflers, shrink unequally. The change 
effected by the action of the acid, after washing with water, 
is strictly mechanical, as the parchment has the same com¬ 
position as the cellulose. When dry the parchment has a 
hard horn-like consistency, and when flexibility is required 
it is treated by immersion in strongly hygroscopic bodies, 
such as magnesium or calcium chloride or glycerine, which 
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makes it. plialile ami more elastic. This treatment remlers 
the paper grease-proof, so that it is novy largely used as a 
packing material for good.s which are greasy or require 
protection from gi’ease, and also at the same time the 
tensile strength of the pajier is greatly increased. This 
increased sti'cngth and resistance! to moisture, which it 
possesses in a high diigree, as it can he boiled without 
di.sintegration, render it suitahh: for many jmrposes in the 
arts and niannfactures; for example, luggage labels, which 
cannot be easily torn or destroyed by rain, as a corering 
for pi'oserve jars ,so as to prevent the entrance of moisture 
or germs which cause moiddiness, for making dialysers, 
for backing books, etc. 

Artificial horsehair, which can hardly be distinguished 
from the real hair, and possessing (!ven as great an ela.sticity, 
is now prepared in a similar mannei- from the fibre derived 
from some species of grasses. 

Hydrochloric acid, whether in the liifuid or gaseous 
form, acts energetically upon the cellulose molecule, and 
indeed the action of the hydrolysing agents emidoyed in the 
carbonising process in the form of chloride salts depends on 
the liberation of chlorine by the heat in presence of the 
moist cellulose. The compounds formed with hydrochloric 
acid and cellulose are similar to those foimed with sulphuric 
acid, though the products are chlorides and not sulphates; 
the changes through which they pass are not therefore 
the same, although the ultimate ‘products are so much 
alike, the hydrochloric acid taking the place of the sul¬ 
phuric acid in the combinations. 

As both these acids are used in the treatment of the 
yam and cloth in dyeing and bleaching, the above reactions 
show the absolute necessity of careful washing so as to 
remove the last traces of acid, otherwise a tendering and 
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ultimate (Icstniction of the fibre is sure to result, imd 
specially when eiljior has to bo exposed to the action of , 
heat, as is fi’equently the case in finishing. Even without 
heat weak mineral acids readily form feeble compounds 
with eellulos(! which are spontaneou.sly decomposed in the 
presence of moisture and air, and the ae,id is immediately 
liberated and can thus act upon a fi-ekh portion of the un- 
deeomposed cellulose, ami thus the mischief is continued so 
long as the acid is brought into contact with fresh portions 
of the material. 

Electric Lamp Filaments.--A concentrated solution 
of zinc chloride .acts upon cellulose, and especially wheti the 
solution is heated and the cellulose digested in it for some 
time, and forms a viscid syrup. This solution is now 
employed extensively in the prep.aration of cellulose fila¬ 
ments, which, after carbonising, are used in the manufacture 
of the incandescent electric light in place of those which 
W(ic, formerly obtained from cotton or ramie threads or 
fib.’-Co of cane or other matwials. These are found to be 
much more homogeneous in character, have a greater 
elastfcHy, ami more uniform electrical resistance than those 
obtaine<l from any other source. To ])repare this solution 
it is found in practice that it is best to take one part of 
bleached cotton fibre and dissolve it in a mixture of six 
jwirts of anhydrous zinc chloride with ten parts of water. 
When the mixture has been raised to a temperature of 
alx)\it 100° F., with constant stirring, the whole of the 
cotton becomes dissolved, and the heating is then continued 
for some time on a water bath, so that the temperature is 
kept uniform, and water added from time to time to replace 
that lost by evaporation, until a perfectly homogeneous 
gelatinous syimp is obtained. This syrup is then forced 
through glass nozzles into alcohol, which precipitates the 



158 COTTON riBRE chap. 

syiii]) in li, contiimouR tlipeail, wliicli is liMvdencd l)y tin; 
alcohol. Tlicsc threads arc then \cashcd^with hydi'ochloric 
acid to remove ihc zinc, ami after wasliin,^' are carbonised 
by an electric current in an atmospberc of coal j'as. 

.\ solution of zinc cbluiide in hydrochloric acid, one 
]iai't of zinc to two of (be acid, dissoh'e.s ccllnlo.se readily 
ill the cold, and the cVdlulosc can be precijiitateil from this 
.solution, when fre.sb, by the addition of water in an nn- 
changed but colloid condition, but if the solution is allowed 
t o stand, a change in the comjiositioii occur.s, and the c.ellulo.se 
is converted into de.virim' and othiT bodies which are 
entirely soluble in water.' 

Incandescent Gas Mantles. -I''ilanients are also now 
prepared in a similar way for use in the maimfactnre of 
incandescent, mantles. In the curly days when mantles 
were first used a cotton fabric was employed as the ba.se of 
the mantle. This was soaked in the solution of salts of the 
rare earths, and when the mantle was burnt in order to 
c'bangc the nitrates into o.vides, the incinerated mantle wa.s 
then soaked in collodion, and when this was dried so as to 
eva])orate the solvent, the mantle could be trans]iorted, 
without fiactnre, and handled until it was placed on the 
burner and the collodion film burnt off so as to render it 
fit for use. 

The mantle made from cotton had a good, smooth 
appearance, and a fairly uniform texture. Some years ago 
the cotton base was replaced by one made from ramie fibre, 
which, although not so smooth and uniform as the cotton, 
had the great advantage that it was more stable, and the 
illuminating power, when the mantle was in use, did not 
fall oft’, in the same time, to the same extent as the cotton 
mantle, and it also gave a more uniform and constant light. 
After being used one hundred hours, the falling oft' in 
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liliotomotric intensity was not more than 10 per cent, whieli 
was mucli loss th^n tlic eotton mantle umler the same eon- _ 
ilitions. Tlie prejiaration was the same in hoth eases, 
lieeently a new material has been introchiceil in (lermany 
called “(.Jeroferm,” which is a reticnlateil cellulose film, 
apparently jireparcd in the same way as the filaments for 
the electric glow lamjis. * 

Mantles made fi’om these materials seem to he as 
advantageous for incandescent gas-burners as the celluloid 
film for the electric light. The aiipoarance of the mantle is 
much bettor and smoother, and more regular in texture than 
either cotton or ramie, and it also yields a firmer a.sh when 
incinerated to form the oxide of the salts with which it 
rcipiircs to be im|)regnatod ; and it appears after the final 
burning off of the collodion on the burner to conserve 
the luminous ijualities for a longer period than even the 
maullc made from ramie fibre does. 'J'lio use of the 
Cl 'lulose conijiounds, both in the texture of the mantle and 
its preservation, opens up a wide field for further industrial 
ipiilications. Even after the final incineration, the mantle 
which, when made either from cotton or ramie, is exceed¬ 
ingly brittle and easily broken, in the case of the cellulose 
fibre can be handled and even squeezed and bent double 
without any deterioration, which is a great advantage, and 
specially in the case where the burner is subject to any 
vibration. 



(illAl'TER VII 

GIIEMLSTKV OF THE COTTON KIliRE 

Action of Nitric Acid on Cellulose. Nitric acid, as 
an acid hydrate, enters into reaction of double decom¬ 
position, with bases, basic hydratis (alkalies), and with 
salts. 

It also enters into double decomjmsition with a number 
of hydrocarbons not in any way possessing alkaline 
characteristics, and not reacting with other acids. Under 
these circumstances the nitric acid gives water and a new 
substance, which is called a nitro coini)ound. The chemical 
character of the nitro-compouud is the same as that of 
the original substance. For example, if an indifferent 
substance be taken, then the nitro-compound obtained from 
it will be indifferent also. Benzene, for instance C^.Hp 
acts according to the equation OjH|.-)-HNO,j = C|,H.NO., 
+H,0, which is nitro benzene, and is employed in large 
quantities for the preparation of aniline and aniline dyes. 

The action of nitric acid upon carbohydrates is very 
similar, and forms along with them a series of nitrates of 
various degrees of nitration, depending on the temperature 
and strength of the acid, ami upon the length of time 
that the action is continued, and many of these bodies are 
of the greatest importance in a technological sense. 

i6a 
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Strong nitric aciil, wlicn pormitteil to act on cellulose, 
completely (leconyioses it anil oxidises it to oxalic acid, . 

When boiled with moderately roncentratod nitric acid 
cellulose is converted into a .structurele.s.s friable substance, 
which possesses great atlinity for basic dycstull's, and which 
is ca'led oxycellulo.se, which has a composition correspond¬ 
ing to the formula * 

It dissolves in a mixture of nitric and .sulphuric acids, 
and on pouring into water a nitrate of cellulose, having the 
forintila ((N0,),|, is formed. The by-produets of 
this oxidation are carbonic and oxalic acids, together with 
lower nitrogen oxides, and the reaction seems to be first 
the formation of hydrocellulose, and then as a second 
process the oxidation of the hydrocellulose into oxy- 
cellulose. In general it exhibits a close resemblance to 
till) pi'ctic groups of colloid carbohydrates, and from the 
low number of hydroxyl groups reacting with the nitric 
acid it seems conclusive that it is a condensed, as well as 
an I'xidiscd derivative of cellulose. 

The variation in the strength of the acid makes 
considerable difl'erences in the jirodnct obtained, and Vielle 
(Co.'iqd. Ilnul. vol. xcv. p. 132) gives the following products 
as obtained with acid of various strengths:— 


[Table 

M 
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TAIiLK OK NITK0-(!KLUI1,0SKS 


I Dfiihity of I 
' Niliic ! 


Obtsiinod 


.Q.) (I Structural leatuiosof colloii preserved, bulublc in acetic 
1 I' ether, nut in ctlicr-alcolud. 


• l-49ti 
. 1-492 
I ]-m\ 


Appearance uiicdianged, soluble in etbei - alcoliol, 
collodion cotton 


l-t88 
I-183 


l-47(> 

1-472 

VlGtf 


l*'dir<‘ still undisHoIved, soluble as above, hut solution 
! moll" ^rclafinouH ami thrc.Mly. 

Dissolve C'otton to viscous solution ; jtroducts ]»re- 
cipitated by water, {'elatiniscd by acetic-ellKT and 
not by etlici-alcohol. 


i 1 1(13 
l-l(iU 
1-405 
' l-4()0 


1' ri'iahlc }mlp, blued str((np:ly by iodine in KI solution, 
and insoluble iu alcohol. 


Tlie highe.st iiiti'Ate olitiiiiicil as above, with iiitiic aei<l 
only, is somewhat lower than wlicn .sulphuric aelii is 
present, thiilei- these latter coiiilitioiis the highest nitrate 
attainahh) is rejircsenteil hy the formula 

These views m e now, however, coirsiderahly inmli/ied by 
the fact that since these investigations were made, a series 
of researches on the compo.sition and properties of the 
various nitro-eolluloscs have been nnderlaken hy Messrs. 
Ilobic and Lunge, which were pnhlishcd in 1901 in the 
Zeilxdirifl fur angewumll Chi-mv, and which show a series 
of much higher nitration; and the lesults of the action 
of nitric acid upon cellulose may he considered as pro¬ 
ducing the following series of nitro-celluloses, in which 
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the simple formula (piadniplcil in order to 

avoid fractions t-j- 

TAIil.E OF NITIIO-CKLI.ULOSKS 


NjUIII' 

! Korttiiilii 


t 

[ • 

I)o(i«;(*a-intro-cellulos(' 

. (hdlaOdNO,),., 

Eiifit'oa- 

. U,,11.^0,,(NO;,),, 

Deea* 

. 1 C,,,H;,„0,ft(N0;,),„ 

Noiio- 

• ! C2j1I,;,0ii(N03)„ 

Oh-tti- 

■ j C.,,H;,20,.,(NO.,), 

Tlc[ita- 

*. 1 (' 2 jb.i;|Oj 2 (NO;j), 

H<‘xa- 

. . : r,,H;„0„(N0,,)„ 

I’fnta- ,, 


TcLra- 

• ■ < 2 ,H,,„(),„(N 0 ;,), 

Ti-i- 

. 0.,jII;„0,;(K(t,),, 

l)i- 

0.„11220,n(N(>2).2 

Moiio- ,, 

■ 0 . 4 lll- 90 ,,,(NO;,) 

Cellulose (pine) 

. . (.’ 24 H 4 PO.J,, 


Aecoidiiig to the above authorities the degree of 
nit.ation from the tetra-nitro-cellulose to the doca-uitro- 
eellulose can only be obtained by treating cotton with 
nitric acid, while for still higher degrees iiiixtiircs of nitric 
and sulphuric acids must always bo emidoyed. Since, 
however, in the preparation of nitro-ccllulosc on the large 
scale the mixture of acids is always employed, they were 
ahvays ttsed in these researches. It is important to note that 
the nitro-cclluloses exhibit considerable variation in regard 
to their solubility in various reagents, and it was formerly 
regarded that this solubility was least in the higher 
nitrates. It is now found, however, that this division does 
not hold strictly correct, as nitro-cclluloses can be obtained 
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with Hourly the same content of nitrogen, the one of which 
,13 soluhle and tlio other insoluble. It i:^ also found that 
the utmost importance attaches to the pi’oporlions in 
which the two acids are used, hocause if the sulphuric acid 
is in excess it seems to exorcise a retarding action on the 
progros.s of the niti’ation and also upon its uniformity. 
Exce.ss of the sulphuric acid prohahly changes the molec¬ 
ular character of the fibres, in the same woiy as it acts 
upon them in the formation of vegetahle parchment, and 
renders them less susceptible to the action of the nitric 
acid. This is of considerable importance in the technical 
application of these nitrating processes, because in the case 
of the nitrates which are to he used in explosives, no 
soluble constituents in the iiroduct are rerpiired, while in 
those which are to be employed in the manufacture of 
colloid products great solubility is of advantage. 

There is a general correspondence, however, between 
the degree of nitration and its solubility in nitro-cellulose 
compounds, and it is found also that the degree of nitra¬ 
tion aft'ects the optical qualities of the compounds, when 
examined by ]>o!arised light, just in the same way as 
Hartley found that in some aromatic compounds definite 
absorption bands, in the more refrangible^^regions of the 
spectrum, are only obtained in substances in which the 
three pairs of carbon atoms are doubly linked, as in the 
benzene group, while Abney and Testing found that the 
radical of an organic body is always represented by certain 
well-marked absorption bands difl'ering, however, in jrosition 
according as it is linked with hydrogen, a halogen, or with 
carbon oxygen or nitrogen. Indeed, it is not improbable 
that by this method of examination, where the bodies 
are soluble, the hypothetical position of any hydrogen, 
which is replaced, may be identified, and this result has 
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been rendered all tlic more probable by the researehes 
of I’erkin on tlje close connection wliieli always exists 
between clieniical compounds and their ojitical properties. 

Use of Polarised Light. —Tn the Jum-ml of the Eoi-ipIii 
( f Cluiiiirul Iiiiltixirii for May 1907 an interesting paper 
a|)i'.ears on this subject by 11. D. Moscnthal, F.I.C, and 
from this it appears that the decree of nitration docs 
exercise an influence on the appearance of the fibre, when 
examined liy polarised light, and also on the rotary power 
and refractive index; and it appears also from a .state¬ 
ment made by Bersch in his work on cellulose' that 
M. (Ihardonnet uses ])olariscd light to examine the quality 
of the nitro-cellulose for use in the manufacture of artificial 
silk. When the, field of view shows exclusively blue- 
f.ppearing fibres, and no yellow ones can bo seen, it is, at 
ail events, a proof that the total quantity of cellulose 
which has been used has been nitrated, and that the 
prediict will prohably be completely soluble. 

The degree of nitration and solubility, along with the 
appearance under polarised ii,ght, are given by Moscnthal 
as follows: “ The observations were all made with a 
m.ignification of thirty diameters, and were observed in 
daylight, after the fibres to be examined were all 
moistened, so as to render them more transparent, with 
flO per cent ethyl-alcohol.” He also remarks for determin¬ 
ation of detail in structure he never uses polarised light, 
but only to distinguish betw-een nitrated and non-nitrated 
cotton fibres ia/cr se. 

In the same journal also, but at an earlier date, papers 
are found by Knecht and also by Hfibner on these 
phenomena. 

* OeUiUose, li)’ Dr. Josejili Bersch. Kegaa Paul, LoiiUoii, 1904. 
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TAIil.K OK MITUATION KFFKCTS AS EXAMINRl) BY 
POLAItlSKI) MOHT , 


Nil. 

Miili'iifil ' 

Niliif}:i‘ii 

A)>p«'}ir!iiiff III 

j Solulilf 


NiliiiiciL 

|u'i font 

I’lflaiisfil Jnjilit 

■ |»fr<-fnt 

1 ' 

(’olton 

l:l-;'f0 


0 

2 ' 


J‘1-20' 

Li^'lit hliu* ir> ))fi- cfiil . 

10 



12-SO 

niiio j^ify- sliiti-jjii'y 

80 

4 

,, 

12-4I 

( Hiij'lit liliin . 

loo 

r> 


I2-a7 

Uiukbluc 

100 

a 


12-;i:{ 

lllmsli jii'cy . 

9S 

7 


12-.30 

1 Dark lilm-, some iilncs 
' iiran^c iir ynllnw 

99 

s 


12-29 

1 Dark blue, soiiif libii-s 
• or yellow 

100 

9 


12*27 

Kaiiit bliio, soiiio libivs 
(ini! {link 

9.S 

10 


11 *90 

. Red or otanj'i', 2.'j jior 
dark bhit* 

100 

11 

i 

11 

' Docis not |tol;u-isf, only 
an occasional colourless 
filire visilili^ 

100 

12 

” 

11-19 

50 per cent ofiUi;(c, 50 
)>cr cent daik blue 

98 



11*111 

Straw colour, occasional 
libic (lark blue 

100 

14 , 

- 

10*80 

i Dull oranoc . 

!)S 


. - 

. .. . 




He (loos not, liowevcr, rej'.'iril the method :is ndiable, 
because lie fuither remarks, “Nitro-celluloses of the same 
degree of nitration, prepared by ditt'erent methods as to 
temperature, acid mixture, and time of immersion, show 
difi'ereiit colours in polarised light, and the apjiearance 
differs with the raw material used, such as cotton, wood- 
cellulose, ramie, or flax. Dry fibres do not present the 
same appearance as when moistened, and the colours not 
only vary with different liipiid.s, hut with the same liquid 
in different degrees of dilution. The colours, moreover, 
are also affected by the different degrees of magnification, 
and also whether seen with artificial or natural light.” 
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The author made a scries of experiments on this 
■subject some ycijrs ago, and found that if the cotton was, 
always ])re[)ared in tlie same way, the llhre being tlie .same 
a.s regards thorough wasliing and uniformity in ]iropor- 
tioii of mixture of acids and also density, temperature, 
and time of treatment, the fibres appeared almost 
uniformly blue and completely .'ofiihle. Care was also 
reiptired to see that the same degree of moistening with 
alcohol was ttseil, and it was eoneluded that the use of the 
liolariscope was a fairly reliable though rough method of 
detecting the uniformity of the nitnition, and therefore of 
the solubility, • 

Many of the nitrates of cotton are of comparatively 
little use, and for industrial purposes they may he con- 
■udered as of two kinds. The insoluble is repre-sented 
by the hexa-nitrate and has the com[)osition given in the 
table of nitro-ecllnloses, having the formula 
lud is insoluble in alcohol, ether, or in mixtures of both, 
in glacial acetic acid or methyl-alcohol, but is slowly 
soluble in acetone. 

Effect of Water on Nitrations and Solubility.—Ail 

the lower nitrates are more or less soluble, and it is 
extremely difficult to prepare any of the nitrates in a 
state of purity, as they are so easily produced side by side 
in conseniiencc of the action of the acid upon the individual 
fibres which are not all in exactly the same receptive 
condition, and however carefully preparcil there is always 
more or leas variation in the acid mixture present. In gun¬ 
cotton, which should be all the hexa-nitrate as above, it is 
not unusual in commercial samples to fiftd as much as 10 
to 12 per cent of soluble nitrates present in it. This 
largely depends upon the content of water in the acid 
mixture, as will be seen by the follow’ing table given by 
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Hersch,’ whicli gives tlie varying degi-ecs of solubility in 
the pntdnct derived by treating Uic celli)lose witli varying 
mixtures of the acids and water, and which is of gi-eat 
scientific as well as industrial interest: -- 

TAULK of varying SObUniblTlKS DKl’KKDING 
ON OTHNGTir OF ACIDS 



Mixtun- 


Si)int.tl|(y iti 



1 


Elllf*!-- 


Suliilmnt 

Aciil, 

HySO^. 

Nilnc Ac-Ill. ' 

Wictciy, 

AlCnliol 

S til i. 

Yiel.l 

HNO;,. , 



4rc:n 

19-07 

,5-62 

, 1 -50 1 

177-5 

42’61 

16-01 

11 -18 

' 5-40 

176'’2 

41’(CJ 

44-45 

14-52 

! 2-2-00 

170-1 

40-68 

! 43-85 

15-40 

! 60-00 

167-0 

40*14 

13-25 

16-61 

. 99-14 

159-0 


: 42-73 i 

17-82 

99-84 1 

151-0 

,18 *05 

42-15 1 

18-90 

100-02 ! 

1.56-5 

18-43 

41 -at 1 

20-26 

99-82 ' 

144-2 

17-20 

■io-m 1 

2-2-50 

74-22 

M6-0 

16-72 

1 ••i9-78 ; 

23-50 

1-1.5 ; 

118-9 

15-87 

as '8:5 ! 

25-30 

0*61 

131*2 

34*41 

31-17 

28-42 

1-73 1 

3 29-1 


Ho explains the great difliircneo between the soluble 
and insoluble parts as arising from the dilution of the 
nitrating mixture by the water generated in the course of 
the reaction and the nitric acid withdrawn by the nitration 
of the fibres; and recommends that, in order to secure 
the most unifoim results, the o])eration should always be 
conducted with as large a proportion of the nitrating acids 
in regard to the quantity of cotton as possible, so as to 
make the effect of the dilution arising from this cause as 
small as possible. 

' VdMose, by Dr. Joseph Bersch. Loiuloii, 1904. 
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111 tiioliing at, tin; table it will be seen that as the 
pro|)orti(m of wa^er is increased there is a gradual rise in • 
the solubility of the jiroduets, until a maximum of perfect 
solubility with SS-lIb 42-I.') HXO., and IH'IIO 

H.f), and it appears, tlierefore, that when the percentage 
of water remains coiislaiit in the nitrating mixture at from 
17 to 20 per cent, the perfectly solulile collodion nitrates 
are obtained. 

The degree of dilution of the acid also greatly affects 
the mechanical structure of the cotton undergoing nitration. 
I']) to about 15 per cent of water, which is the maximum 
which can be used in ]ireparing*the higher nitrates, very 
little alteration in the ])hysical structure of the cotton is 
observed, and the only change apjiears to be in a harsher 
ieolii'g and a greater tendency to electrical excitation 
under friction; but when the water content rises 
.beyond this figure, the structural features of the fibre 
. miiricnce to be destroyed, the individual fibres rujiturc 
and crumble into a friable mass when dried, and felt 
together in hnotty masses. 

For the preparation of the higher nitrates to fonn the 
insoluble and highly explosive compounds, strong acid is 
required, and the mixture is usually one part nitric acid 
(sp. gr. l'r)2), with three parts sulphuric acid (sp. gr. 1-84) 
by weight, when the hexa nitrate is produced, and this sub¬ 
stance is the gun-cotton used as an explosive, either 
separately or in mixture with other bodies to increase or 
restrain its action. 

Gun-cotton (pyroxylin) is usually made from cotton 
waste, unless required, as it is sometimes for certain 
purposes, in the skein, in which case coarse counts of 
cotton yarn arc used. The cotton waste or yam is first 
thoroughly cleansed, so as to remove all greasy or other 
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iulhcreiit niatter by treating witli alkali, washing, and 
drying. The acids to ho used are thee |)rei)ai'ed of the 
requisite strength, and aiv stored in seiiarate .stone-ware 
jars or cisterns, with taps, so that they can he run out in 
the rei|uisite proportions into the pdxing vat, wliirh is also 
of stone-ware. Tins vat is furnished with a easl-ii'on lid 
and a tap for' di'awiTrg off thi’ contents. Thei-rr is an o))en- 
ing in the. liil ihi'ongh which a glass stirr-i'r cart he intro¬ 
duced, so as to slir the aritls togrrther its they are rrtn in the 
requisite ])roportions sinirrltoneortslyf from the sl.orrr eisterirs 
into the vat. When the mi.ving is eompleUr, the coirtrrrrts 
are. rdlowed to .starrd fr'ir .several hours until the acirl 
solution is [lerfectly cold. A jrortion of this rrold acid is 
then drawn from the urixitrg vat attd run irrto an eartherr- 
wanr vessel or jar, standirrg in watrrr aird providrnl at tin.' 
side with a prrrforatcd irrm or storre-ware shelf, rrpon wlrirrh 
the eottorr, after imnrcrsiott, earr he place,<1 to drain oft' the 
excc.ss of acid. The dry eottoir which has heen thororrghly 
cleatrsed is then immersed itt the acid, a small quatrtity at 
a time, and stir'rcd roitttd itr the jar' with a stir-rer which 
hrings all parts of the eottorr itrto corrtact with the acid. 
A crrrrsiderable rise in the temper-ature, of the acid takes 
place in coitso(]uetrce of the chrrtrrical rcaclirtir, and the 
water sur'rrrrtnding the mi.virrg vessel i.s inteniled to keep 
this teniperatrue dowir, attd cartr mrrat ho oxcrci.sed to 
regulate the feedittg of the cotton so as rrrrt to permit ait 
utrrliic rise. As each hatch <if treated cotton is ])laccd upon 
the strainer, a ft'e.sh quantity of cold acid is let in to the 
jar to stijiply the loss taken uji by the cotton. A large 
part of the ctrtton is chattged into the, hexa-nitrato by this 
preliminary treatment; hirt .so as to secure the conversion 
of the whole the. cotton is then removed from this jar and 
placed in another, iit which it is pressed down and covered 
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with acid, and allowed to remain in contact with the acid 
for twelve hours. , 'J’his jar is also standinjt in water and . 
covered by a lid usually of stone-ware. 

At t.he end of this time the cotton is rcinoveil from this 
vat, and transfcrreil to 71 centrifnj'al hydro-e.xtractor, by 
means of which all su[)crtliious acid is removed and 
returned to the store cistern. The co'tton is then jiliiuged 
sinldenly into a cascade of cold water to jiri'vcnt any rise 
in temperature, which would occur if a small ([uantity wa.s 
used, and then, when thoroiij(hly washcil, again treated in 
a centrifugal extractor so a.s to remoie the water. This 
washing is continued until all trftce of acid is completely 
removed. The cotton is then reduced to a imlp in a rag 
engine, the same as that used by pa|ier-makers, and then 
the pulp is thoroughly washed again for about forty-eight 
hours in a poaching machine, with warm alkaline water, so 
as to remove the last traces of acid, if any has remained, 
.md then washed again in pure water. The pulp is then 
drained and moulded into discs, or any other required 
form, by hydraulic pressure, until it has the re(|uired 
den.sity, and then slowly dried upon heated plates. When 
the discs leave the press, they usually contain about 20 
))er cent of moisture, and in this state can be cut up or 
bored with perfect safety. 

When gun-cotton is dissolved in ethyl acetate or acetone 
a gelatinous solution is obtained. After the removal of 
the solvent an amorphous transiiarent substance is left, 
having the same formula as the gun-cotton, but having an 
entirely difl'erent molecular structure, which causes it to 
explode much more slowly and with less violence than 
gun-cotton, which, on account of this, and the fact that 
corrosive products are formed when the gases are liberated 
under pressure, is rendered unfit for use in artillery. 
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This now siiUst-incc can he gradiiatoil to give any pcrjuii'ed 
pres.siii'C on explosion, and forms the ha,so of the 
mannfactni'O of smokeless powder, wliich has not the same 
corro.sive (iffoct on the gnns. 

Although gun cotton is not .sqlnhlo in cilier-alcohol it 
can ho dissohod in acetic-ethcr, acetone, benzole, tind nitro- 
honzole, hnt not in nitro-glycerine itself. 

flli>sihiii-i/elaliiiry one of the most powerful and effective 
blasting agents, is, however, pre|iared hy dissolving gmn- 
cotton in a mixture of nitro-glycerine and acetone. 

(!nn-cotton is not only used hy itself as an lixidosive 
for nulitaiT and engineering ]mrposes, hnt it is also 
associated, so as to increase the rapidity and force of the 
explosion, with a mixture of inorganic salts or aromatic 
nitro-derivatives which contain large qttantities of oxygen 
such as chlorate of pota.sh, so that the oxygen may he 
availahlc within the substance so as to aid the process of 
combustion. It i.s also used in admixture with, or solution 
in, various other nitro-compounds, such as nitro-glycerine, 
to form hallistite, melanite, cordite, and a numerous family 
of similar products. 

The lower nitrates can either be obtained from the 
higher, or ])roduced indej)endently by graduating the 
strength and temjrerature of the nitrating acids. 

Cellulose Penta-Nitrate, C24H3.,0,,,(N0j)t„ may be 
obtained by dissolving the hexa-nitrate in nitric acid, at a 
tem]>crature of about 180" to 190° h’., and then proeijntating 
by the action of sulphuric acid, after washing with water 
to remove the acid and then with alcohol; the substance is 
then dissolved in ether-alcohol, and reprecipitated by the 
addition of water. The action of strong caustic potash on 
the penta-nitrate converts it into the di-nitrate of cellulose, 

Co4H3As(N03).3. 
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Cellulose Tetra-Nitrate, (!24ll3c<J„i(N03)4, ami Cellu¬ 
lose Tri-Nitratf, arc formed simul¬ 

taneously when cellulose is treated at a higher tenujerature, 
and for a shorter time with more dilute acid than is 
necessary to produce the higher nitrates ; and as they are 
botli ei|ually soluhle in the three solvents, ether-alcohol, 
acetic-ether, and methyl-alcohol, they*caniiot he separated 
from each other. Their production seems to he a part 
of the continuous process for the production of the higher 
nitrates, hecause, if treated with more concentrated acid, 
they arc further converted into the hexa-nitrate and 
(lenta-nitrale, which are separable. The action of strong 
alkalies, suclt as caustic potash and ammonia, converts 
them into the di-uitrate. 

When these nitrates, and indeed any of the lower 
nitrates, arc dissolved in ether-alcohol or other solvents, 
such as amyl-acetate or benzene, they form transparent 
viscous solutions, which leave, when the solvent is removed, 
a continuous clear film, which is of considerable elasticity 
and tenacity. This substance is called i 'ollodion, and is of 
the greatest use in the industrial arts in the production of 
a series of products, such as artificial silk or lustre-cellulose, 
and also in surgery and photography. 

Collodion. —The great importance of the soluble pro¬ 
ducts of nitro-cellulose took its rise when, in the early 
days of photography, a collodion film was reipiireil on the 
surface of the glass plates used in the wet process, although 
now they have been replaced generally by a gelatine 
surface on the dry plates. 

Collodion is usually and best prepared by dissolving the 
tetra- and tri-nitrate of cellulose in the mixtui'e of ether 
and alcohol, in which, unlike the hexa- and higher nitrates, 
they are completely soluble, and yichl, on the solution 
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being permitted to cvapornte, when poured out on to a 
eleiin smootli Kurface, a (dear transparent colourless film 
of great uniformity and considerable tenacity. TIkasc 
nitrates are also soluble in amyl-acetate and benztiiie. when 
on evaporation they yield a similar film, but with lather 
different ])hysical iirojierties. Care must be taken in the 
|ireparation of the tfetra- and tri nitrate.s to obtain these 
products in a ])urc slate and fre(( from admixture with 
cither the higher or lower nitrates, as in the former etise 
the nilratcd cotton will not be completely dissolved, and 
in the latter there will be a want of perfett transparency 
in the film, which will only he translucent and not 
perfectly lians]>aretit. The tidile on ]iage Hid shows that, 
to obtain the best results, the proportions of the acids to 
be used in nitrating the cellulose must be in the ju'ojxirtions 
as follows 


Nitric 

Acid (lINty . . 

1l'T 5 per cent 

Sulphuric 

,. (SO,11,) . . 

;fd'95 

W'ater 

(H/)) . . 

18-90 



100-00 


To make the licst collodion suitable for photographic, 
medical, and other jmrposcs, it is essential that tlu! nitrated 
cotton is perfectly neutral before being dissolved in the 
ether-alcohol. To secure this it is best to soak the cotton 
for at least half an hour in a mixture of strong ammonia 
diluted with four times its volume of water; and, after 
thorough washing iti a large volume of ntnning water, 
it must be completely dried at the temperature of boiling 
water, 212“ F. 

The ether-alcohol solvent is made with 50 pu ts of ether 
to 50 pirts of 95 per cent alcohol, and in this mixture 
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2 ])arts by weight, of cotton is dissolved. The clear solution 
is then placed in tall glass-stoppered bottles of small 
diameter, and any insoluble material slowly settles to the 
bottom, and the clear solution can be decanted off and is 
ri'ady for use. 

. The jirinciiial use for collodion in medical practice is 
for the jmrposo of formin)? an artificial shin which jirctents 
the entrance of organisms or dirt which arc detrimental to 
the process of healing, and beneath the surface of which 
new growth of skin can take ])lacc. 

In addition to the use of collodion for photographic and 
medical jmiposcs it is now cBijiloyed largely in the 
manufacture of toy balloons, which arc made in the 
following manner. They are now’ freipiently employed 
for advertising purposes. 

The collodion is ]ioured into a drt' Florence hash, which 
is turned round (piickly until the whole inside surface is 
covered with a thin layer of the emulsion. 'I'he nock of 
the fla.sk is also covered, so that when the solution has 
evaporated a thin hivcr of cellulose is deposited in the 
form of the flask. When all the ether has been driven off, 
the film is easily detached from the surface and drawn 
u|) through the neck of the flask, distended with air anil 
permitted to dry. A balloon only weighs about two 
grains, and floats easily when filled with coal gas or 
hydrogen. 

Artificial india-rubber is now being manufactured 
on a considerable scale from the solulile nitro-celluloses. 
These arc jirepared in the same way as for collodion, but 
the same extreme care is not rpiitc so necessary. The 
solvent usually employed is a mixture of cijual parts of 
ether and alcohol, although sometimes acetone and methyl 
alcohol are used. The rpiantity of solvent used is only 
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ciiougli to iier'mit the cotton to be fonned into a thick 
gelatinous mass, which is then jdaeed in a mecliaiiical 
kneader, tiie same as is used for mixing dough, putty, 
and other viscid masses. While in this condition, castor 
oil, lioiled oil, or other similai’ oils arc iiitiodnccd in 
suitable ipiantities to be determined by the use to which 
the .substance is to bo afterwards ‘applied, 'riic kneader is 
connected with suitable condensing apparatus, by means 
of which a large portion of the solvent is recovered for 
use over again. The castor oil, intimately mixed with the 
ccllulo.se mass, after the solvent has been a!mo,st removed, 
confers upon the magma,a cer tain degree of flexibility and 
elasticity, which prevents the mass, when removed from 
the kneader and rolled into sheets, from becoming brittle : 
.sometimes flax waste digested in Imiled linseed oil is incor¬ 
porated in the mass to give it tenacity when it is to be 
used for mats and similar articles. 

During the kneading a current of warm air is aspirated 
through the machine, which greatly assists the evaporation 
and carries the vapour of the solvent to the condensers. 
The degree of elasticity in the resulting product depends 
on the proportions of the solvent, oil, and nitro-cellulosc, 
and the mass when being mixed and rolled can be 
associated with any material, such as chalk, asbestos, flax 
or hemp waste, and other materials to bring it to any 
required consistency, and the resulting material can, when 
heated, be moulded into any desired shape and coloured 
during the mixing process to any tint by the use of 
suitable pigments. Although this artificial rubber is in¬ 
flammable it is not explosive, and is rendere<l less so when 
mixed with non-inflammable materials as above. If perfect 
non-inflammability is required a surface treatment with a 
hot alkaline solution such as soda, denitrates the outer 
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layer, and renders it safe even when in contact with 
Hanie. 

* 

’I'hese comiionnds have prohahly a great industrial 
future before them, as for very many purposes they can 
be employed as a perfect substitute, for rubber. They 
))Ossess also high electrical resistance proiicrtics, and the 
subject is deserving of careful consftleratiou by electrical 
enginocr.s and cable manufacturers. 

Celluloid. —Soluble nitro-celluloae, the same as prepared 
for the production of collodion, has the peculiar property 
of entering into combination with camphor ((.'hiHj/)) and 
other similai' laidies when the two are intimately mixed 
together. 

Whether the mixture, when completed, has undergone 
a chemical change and forms a new compound, or whether 
the product is only a mechanical mixture, is uncertain, and 
«the (jnestion up to the present time has not been completely 
uivcstigated. The fact that the nitro-cellulose, which 
ill fore mixing with the camphor is very explosive, and 
alter the mixture loses this property and becomes simply 
highly inllammable, when it burns brightly with a yellow' 
smoky flame, seems to point to some kind of chemical 
change, but on the other hand it is known that a sufficient 
admixture of non-explosive material will prevent detonation, 
even in highly explosive bodies. 

Properties of Celluloid. —Celluloid is a hard elastic 
transparent body, closely resembling horn or tortoiseshell 
in appearance, and can be made, when mixed with other 
materials, to imitate coral, ivory, and other similar bodies. 
It can also easily be stained to any required colour, when 
suitable pigments arc used, or it is mixed with other 
different coloured substances. It can be made to vary in 
its mechanical properties also by varying the method of 
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ils niainifuctiiic, so that, it can possess any <legi-ec of 
liartlness and elasticity, when it can he satveil of ttinied in 
a lathe. It does tiot possess any st.fticttifc, heing amorphous, 
and therefore has no niolecular diflerence in any direction, 
which "ives it an advantage over moat other hodies, since 
it can be vvorhed ei|ually well omv way tjr the other. 
When suhjiwted to h'eal it can be made soft and |iliable, 
•so that it can be bent into any form, and if the heat is 
increasial it may bo rendered snflicietitly soft to be pressed 
or moulded into any shape. The tenipeialure of boiling 
water, L'12' K., is stttficient to render it .soft and pliable, and 
when raisevl to t’oO b'. dt beconnvs as soft as wa.v, but 
legiiins its liardtKtss and e.lasticity on cooling. If it is 
raised abovt' .dDO' I'', decomposition sets in, aceom])atde,d by 
coin]ilet(! ojvacity and spontaticoiis eondinstion, yielding a 
Intavy smoke. When e,\-posed to very low tem|)eraturcs it 
becomes hard and brittle, and loses its elasticity, but id 
ordinary temperidaires it is (piite inert, and retains all its 
])rop(irties without any changit 

It is (piite insoluble in water, and is therefore largely 
used for vtissels enpdoyed in j)botogni])hy, and for surgical 
jmrposes, such as basins, syringes, and otfier appliances. 
Even scii-wiiter does tiot affect it, atid recently exjieriments 
bavf’ beeti made vvdth some success by using successive 
coats of celluloid varnish as an anti-fouling paint on the 
Imll of iron shijts, which not only appears to adhere well, 
if the steel plates have hoen properly cleansed before the 
successive cwits of varnish are laid on, but seems also to 
protect the bottom from the attachment of barnacles. It is 
attacked by alcohol, in contact with which it swells up, and 
when ether is added it dissolves in the mixture. Sulphuric 
and nitric acid dis.soIve it without leaving any residue, 
and it is therefore little used for chemical apparatus. 
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Althou.nh, whijii first made, it always retains a smell of 
tile camjilior, yet^when jiormittod to remain for some tiinc^ 
in a moderately warm atmosphere this passes away; and 
where this smell is ohjectionalile the mixture of the 
eellnloid with other non-aromatic sulistances, and especially 
where transparency is not necessary, I'cnders it almost 
without smell. • 

Uses of Celluloid. In one form or other celluloid 
is now extensively used for an endless variety of ]mrposes, 
such as nmlire.lla and walking-stick handles, toilet and 
handkerchief boxes, billiard halls, setting for artificial 
teeth, combs and brash handles, «nd all clas.ses of imitation 
ivory and tortoiseshell ware, such as purses, cigar-cases, 
liocket-books, etc. The fact that it can ho made jilastic by 
he'it and I'cgains its hardne.ss when eooleil renders it 
specially useful where embossing, inlaid metallic ornamenta¬ 
tion, and filigree work are reejuired, and also for mosaics 
which rival ivoiy and marble in beauty. In addition to 
he above, celluloid is now largely used in the preparation 
of cliches in printing, which are far more sharp in the 
outline and more durable in working than those made 
fiom other materials. When mixed wdth zinc, white 
oxide of manganese, or chalk, it is also used in the 
manufacture of collars and cufl's, and can be made to 
imitate the exact appearance of linen, and when these are 
covered with a solution of celluloid varnish the surface, 
while retaining apparently the grain of the cloth, is 
rendered sntficiently smooth to enable them to he sponged 
with soap and water and so renilered perfectly clean after 
wearing, and the durability is far greater than linen. The 
same varnish or lacquer which is used for the coating of 
these articles can also bo used for other purposes, where 
a varnish is required, and is much more elastic and durable 
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than those ma<lo from resin or giiin, and affords a perfectly 
.waterproof sui'faoe and a protection to ^lolished metidlic 
and other surfaces lialile to oxidation. 

Specially j)r(^pared varnishes made from celluloid solu¬ 
tions poured on to a smooth surface such .as a glass plate 
form, wlien the solvent has evajjorated, the jdiotographie 
films for the cincmato'S;ra[)h and for use in the camera. 

Preparation of Celluloid.- The basis of the celluloi<l 
preparations is the soluble nilro-cellulose, which, as prepared 
for the manufacture of collodion, consists of the lower non- 
explosive nitrates, such as the mixture of the tri- and 
tetra-nitrates, which are completely soluble in ether-alcohol. 

When the nitrate has been prepared there are two 
j>rocesses which can be used in the mixing of the nitrate and 
camphor, viz., the dry and the w'et ])rocesses, each of which 
has both adviintagos and disadvantages, hut the wet ])rocess is 
the one now' more usually adopted, a.s it i.s safer and requires 
less expensive machinery for the after manipidation. 

1. /ft Uie dry pnw.ts, after the nitro-cellulose is made and 
washed, it is slowly dried at a temperature sufficiently 
low to prevent explosion, until the cotton contains 
not more than about 20 to 2.5 per cent of water. The 
cotton is then reduced to a viscid pulp in a suitable 
leducing machine, and the mass mixed with camphor in 
a fine state of division, in the proportions of from 40 to 
50 parts of camphor with 100 parts of the nitro-cellulose. 
The mixture is then worked or kneaded in a suitable 
machine until the two are thoroughly impregnated. The 
mass is then subjected to pressure either enclosed in strong 
hags, the same as are used in expressing the oil from seed, 
placed between hot plates so as to remove any excess of 
water, or the mass is placed in a jacketed cylinder, the 
piston of which is a hydraulic ram, and the celluloid, heated 
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by till! stoam jacket ami squeozeil by the ram of the press, 
parts with the Jarger jiart of its water, ami when dry. 
exhibits the apjiearance of a transparent soft mass of 
celluloid which can be lolled into sheets, pressed into 
moulds, or retaining its^ cylindrical form be turned or cut 
into any rcipiirod shape. 

During the whole of this procesi? the utmost care must 
be exercised that the temperature is not allowed to rise too 
high, and that the whole of the nitro-cellulose has been 
completely incorporated with camphor, as, if any of the 
nitro-cellulose remains uncombined, there is danger of 
explosion, and specially during’the after heating process 
which is employed to drive off' any excess of the solvent, 
camphor, or water. To secure that the change in the 
nit'o-cellulose has been complete, it is usual to allow the 
kneaded mixtui'e to stand some horn's in a closed vessel, 
until the action of the camphor upon the nitro-cellulose is 
complete, before the final pressing and di'ying. 

2. The we! which is the better and safer of the 

two, may be thus generally described. The soluble nitro¬ 
cellulose, prepared the same way as for the manufacture of 
collodion, must be completely dried in a current of warm 
air, and cai'o must be taken that this temperature is never 
allowed to rise abovB that of boiling water. A mixture is 
then prepared of 100 parts by weight of ether, and 5 parts 
by volume of alcohol of '0728 sp. gr., with 28 parts by 
weight of camphor. Either methyl or ethyl-alcohol may 
bo employed, as the camphor and nitro cellulose are soluble 
in either. This solution is then placed in earthenware or 
stone-ware jars and the dry cotton stirred into it, in small 
quantities at a time, until 50 jmrts by weight of the cotton, 
in relation to the whole weight of the camphor solution, 
has been reached, when the mixture will become a clear 
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gcliitinotis mass. Tf tlio celluloiil is iutcmlod for articles 
'or vuruish wliich nmst lie alisohUely cN^aivaml transparent, 
it is essential that the iiitro-eellnln.so must i)e i)erfectly 
soluhlc, and samples must bo tested of caich butch of the 
cotton when it is dried, to make sip'o that this is ihi! case 
before being stirreil into the mixture. On the large scale 
ste(!l or wi'ought-iron vessels, tinned inside so a.s to prevent 
the contents from being contaminated tvilli the iron, may 
be employed, and mechanical .stirrers u.sed to keep the ma.ss 
in agitation until comi>lete solution is attained. If the 
least milkiness is observed, the solution, uid(!ss to be irsed 
for dense objects and in combination wit.h tilling materials 
which are to be worked into it, must be tiltered, but. as 
this is a difficult process to aeeomplish satisfactorily it is 
much better to be (juite sure that the cotton is perfectly 
soluble by careful testing before mixing. In some cases, 
and where the celluloid is to be uso<l for the coarser 
articles, so as to avoid danger from ex|ilosion by the 
complete drying of the cotton, it is used with a certain 
amount of water still retained in it, and although tin; 
complete solution is obtained the presence of the water 
becomes a serious difficulty when the mass has to he 
treated so as to (irive off tlie solvent and obtain the 
celluloid as a transi)arent solid. The difficulty arises from 
the great diHercnce in the evaporating point of the ether, 
alcohol, and water. Pure ether hoiks at 96'S'’ F., absolute 
alcohol at ITS’k-F., and water not until 212°F. 

The drying presents many points of <lifficulty because, as 
the process proceeds and the mass becomes more viscid, 
bubbles of escaping gas are apt to form cavities in the 
celluloid, which spoil its transparency and homogeneity. 
The moisture, which the celluloid pfirts with last, is the 
most deleterious in this respect, as it is not given off 
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ill any i|uaiitity until the ctliiiriUHi alcohol are driicii oth 
To get over this diliieiilty it is host to dry the cotton, 
hill even then there is always more or less water associated 
with the alcohol, and the usual process is therefore, when 
the hulk of the. solvent has evajiorated and the material 
!t-sumed a fairly solid 'consistency, to cut oi’ roll it into 
thill sheets so as to present a largt free surface for the 
solvent and water to eva|)oratc from, and the sheets are 
left for a time in a warm atmosphere, and then coirsoli- 
dated hy jiassing hetween rollers, which for many purposes 
are wai'ined so as to make the, celluloid more plastic. To 
save as large, a portion of the«aleohol and other, which 
is ii.sed as the solvent, the mixing and dissolving ehamher 
IS connected up to a condensing apparatus, and when the 
time for the elimination of the solvent arrives, when the 
ultimate commingling of the cellulose with the camphor 
solution is eom|)lete, a current of warm air is drawn 
through vessel and condensing a]>paratu.s, and this carries 
I he vapours of the solvent along with it, and when con¬ 
densed the recovered ether and alcohol can ho used over 
again. Another and perhaps a hetter method is to di.siienae 
with the alcohol altogether, and to use anhydrous ether alone 
as the solvent, and then the difficulty of the variation in the 
temperature of the boiling-point is avoided, and so danger 
from air-huhhles is almost entirely eliminated, since there 
is no water present in the resulting gelatinous mixture, as 
the nitro-cellulose is also dried until practically anhydrous 
as well as the ether. Unless eare, however, is exercised 
there is great danger from the possible mixture of the ether 
vapour with air, where even when small (ptantities of the 
ether are present, an explosive mixture is formed. This 
difficulty is overcome by working the process under a slight 
vacuum, in which case there can be no escape of the vapour 
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of the ether, which i.s carried forward into a cdoscd condenser, 
and the ether is recovered by condensation in a properly 
constructed worm. The drying of tlie mass is easily 
conducted by placing the celluloid, when in the. viscid 
condition, in shallow trays divided into compartments, 
each of which contains just the necessary (piaiitities for a 
sheet of celluloid in' the manufacturing process. These 
trays are then placed in an oven, through which a current 
of air is drawn in such a manner that it passes over the 
surface and beneath the trays, and thus the evaporation of 
the ether is accelerabal and the vapour carried into the 
condenser for recovery. If care, is cxerci.sed in this process 
there is no danger wdiatever, and the results are the pro¬ 
duction of celluloid of the very highest grade, ami freed 
from bubbles or any other defects. The celluloid produced 
by this process is, when token from the drying chamber, 
not quite so solid as that produced by the ether-alcohol 
mixture, but by rolling it ciin bo brought to any required 
degree of density. 'J'he rolling is best conducted after the 
drying process is complete, and if the mass has attained too 
great a hardness this can be remedied by passing more 
highly heated air into the drying chandler having a tem- 
jierature of about 150° F., which will give the celluloid the 
required degree of plasticity; and if the nitro-cellulose has 
been of the pcifectly soluble character and the camphor of 
the proper quality the texture will be perfectly colourless and 
homogeneous. The sheets are best made as thin as is con¬ 
venient so as to allow the last remainder of the solvent to 
escape as easily as possible, and these can easily be rolled 
together when in the plastic state so as to form a single 
sheet of any required thickness, as under pressure the amal¬ 
gamation of the surfaces is perfectly complete, no lamination 
being visible after the welding. 
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Uy this process it is ]>()3sible to recover the largest- 
portion of the ether for use again. 

When the celluloid i.s to lie used for th(i purpos(!s of 
vaniisli it can be removed from the mixing chamber as 
■soon as (he solution of the cotton is complete, and nd.xod 
witli a further jmrtioii of any required solvent so as to 
give it the consisleiicy which is required. This avoids 
the expense and necessity tor re-dissolving from the solid 
celluloid. 

Where the celluloid is to be mixed with other bodies so 
as to give it a solid opaijue coniiition, this is best done 
by mixing when the mass is in tlic gelatinous condition. 

In the same way, when the mass is to be coloured, and 
a large (juantity to be of one uniform colour, the colouring 
matter is best ndxed when the mass is in the gelatinous 
condition. The host colouring matters are the aniline and 
coal-tiir dyes, which arc soluble in alcohol, and can be ob¬ 
tained of any required shade. Where a large variety is 
required the finished articles may be immersed in the dye, 
which is readily absorbed by the celluloid; and when the 
degree of colour desired is obtained the surface can be 
.polished, and if necessary covered with a new coating of 
transparent celluloid varnish. Although, when perfectly 
pure and transparent celluloid is required, the cotton eellu-' 
lo.se is alwaj's employed in the making of the nitro-ccllulose, 
yet where these various properties are otdy required in a 
moderate degree, cellulose from any other source, such as 
wood pulp, may be employed, if cheaper than cotton, but 
care must be exercised to see that they are jjerfcctly 
purified from any resinous or other foreign materials 
which will prevent the action of the camphor. 

In the same manner other solvents, besides ether-alcohol, 
such as acetone, amyl-alcohol (fusel oil), benzene, etc., have 
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Artificial Silk or Lustra - Cellulose. - Solutions of 
i-ellulosc in one form or another are now largely nseil in 
tlie ju'oiluction of fibres which ifval in lustre the real silk 
obtnine<l from the silk-worm, and the productioiL of this 
artificial silk has now become a large and increasing 
industry in England, France, (iermany, and Switzerland, 
and the Cnited Suites. Originally the basis of this silk 
was always the soluble nitro-cellulose, and this was used 
by the inventor, M. de tlhardonnet, a French chemist, as 
early as 1884, and although there are now several other 
proccs.ses of which the base is either viscose, celluloid, or a 
solution of cellulose in zinc chloride, the credit of the 
foundation of this industry must always remain with 
M. de Chardounet, because he not only invented the proecs-s 
but also the necessary machinery to enable the artificial 
silk to he manufacturcil. whatever the source from which 
the threads are derived. 

“ Chardonnet's ” Process. —The nitrocellulose used 
must always be of the completely soluble form, i.e. the 
mixture of the tri- and tetra-nitrates, prepared as already 
described in the manufacture of collodion. As a rough 
test apart from any chemical examination M. de Chardonnet 
187 
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employed polarised li^lit in examining the nitrated cotton 
under the microscope, when, if the^ nitrating process 
is complete, the fibres appear of a uniform pale blue 
colour. 

After the niirated cotton has been freed from the 
sui)crfluou.s acid mixture by means of pressure, hyilrauiic 
or otherwise, the resTilting mass is treated in a hollander 
until all the acid is completely removed, the acid as far as 
possible being recovered and re-coucentrated for use over 
again. The washing jiroccas is one of the utmost import¬ 
ance, as any traces of acid which might remain would 
interfere with the comphiUi solution of the nitrate in the 
solvent. In this jnocess, which usually occupies alnmt 
twelve hours, it is found that about ten gallons of water are 
required for every imund of the nitrate. 

The w'aslnal' nitrate is then treated in a press or 
centrifugal hydro-extractor to remove the excess of water 
until it contains about 33 per cent, and in this state it can 
be stored with perfect .safety until inquired for use, care 
being always taken to prevent contamination by dust or 
other mechanical impurities. 

The nitrated cotton is then dissolved in a mixture of 
equal parts of 95 jier cent alcohol and ether, and for 
complete solution 100 quarts of the solvent are required 
for every 50 pounds of dry nitro-cellulose. While the 
cotton is being dissolved the contents of the vessel in 
which the sohition is being conducted must be kept in a 
state of continual stirring so that the cotton and solvent 
are brought constantly into intimate contact until the 
solution becomes perfectly clear throughout. Even when 
every care has been taken it wdll always be found that 
there are some nndissolved particles floating in the viscid 
solution, and these must be entirely removed and the 



VIII CHEMISTRY OF THE COTTON FIBRE 189 

solution made absolutelj’ free from any mechanical im¬ 
purities, or it cannot be forced through the orifices in the 
after formation of the threads. On the large scale the 
.solution of the cotton is usually made in iron or steel 
vessels heavily tinned inside to prevent contamination with 
iron, and fitted with meclianical agitators, which are kept 
in constant slow motion until the operation is complete. 
The alisolute necessity that the gelatinous solution must 
he free from any mechanical impurities retptires a filter¬ 
ing process which is hy no means easy to accomplish 
with such a viscid fluid. The filter usually consists of a 
strong iron vessel, heavily tinned duside, with a lid which 
can he made gas-tight, and the whole sufficiently strong to 
stand a pre.ssnre of 1000 pounds per square inch. This 
ve8.sel, which usually has a capacity of about 25 galloms, is 
connected up to an air-compressor, so that when the Vessel 
is filled with the viscid solution any required pressure may 
he employed to force it through the filtering medium. The 
filter, which is placed in the bottom of the cylinder, consists 
of a layer of fine cotton wadding about 0'5 in. thick, which 
is covered on each side by a sheet of the finest silk gauze, 
and to give it rigidity the two sides are then enclosed by a 
layer of fine metallic gauze, which is also tinned like the 
interior of the vessel. This filter is placed on suitable 
supporting bars at the bottom of the vessel, but leaving 
room beneath for the filtered colloid solution to filter into 
and pass out by an appropriate orifice. It is sometimes 
necessary to repeat the filtration oven more than once so 
as to remove even the smallest particles of undissolved 
cotton, and this must be done as often as necessary, until 
the solution is absolutely pure. 

The filtered solution is then allowed to stand for some 
days in glass carboys until the viscid collodion has attained 
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|)('if(:i'l uniformity of (lonsity in rvcry as this is 

cssimtial if tin; tii)res whirli iiro t<i lie minlR are to l)e of 
uniform strenotli ami elasticity. The spinning niaehine is 
a very ingenious aj)parat,ns, ami may he (le.sorihe<l as 
folhov.s. The viscous c<tlhnlion is placcil in a vci'ticai stc,cl 
cylinder, tinned inside, and connected by a ])ipc up to the 
air-compressor. A sArong tube conma'Ied with the hottom- 
of the cylinder has a number of small tidtcs screwed into 
it horizontally, which terminate in glass nozzles, having 
each a fine capillary orifice only just the diameter of the 
thread which is to be produced. These nozzles are 
ju'ianged about thrce-ipuirters of an inch iijjart. The 
nozzles are surrounded idmost uj) to the ]ioint where the 
orifice opens hy a case or outer tube forming a jacket, 
through wliich hot water can be circuhited so as to increase 
the fluidity' of the solution, and to ])revent the orifices 
clogging up. The nec.essity for the janfect filtration of the 
collodion is now apparent, because the small (aipillary 
orifice, which usually does not e.vcced „/,„th ]iart of one 
millimetre in diameter, would be filled uji, and the con¬ 
tinuity of the thrciid broken by the snudlest i)articlc of 
foreign matter, necessitating tln^ stevpping of tin; machine. 
The pressure of the air on th(' to)) of tlie collodion in the 
cylinder forces it down the pipe and out of tlic gla.s.s nozzle.s 
in a continuous fine stream, w hich liardens into a thread as 
soon as it passes into the air hy the evaporation of the 
solvent. These threads are then caught up and wound 
on to a reel. Usually' several of the threads arc wound 
together. 

Sometimes a trough is placed beneath the low of nozzles, 
and a fine stream of water i>lays on to each thread as it 
emerges from the orifice, so as to hasten the hardening 
process and wash the solvent from the surface of the thread. 
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Tliis is, limviivor, said tii injiirv tlie lustri' fif the tlircail, 
altlicmgh it is found slightly to increase its tenacity. 

The, pressure anil flow of the'viscous collodion reijuired 
careful adjustment, so as to make a jierfcctly uniform thread, 
and the .speed of the wimling reel must he e.xactly adjusted, 
so, as not to snhjeet the'thread to a greater tension than 
it will hear without hreaking. In tha machine devised hy 
,M. de (.'haidonnel these adjustments are overcome with 
great ingenuity, anil are made auliomatie, so that the piocess 
can he carried on continuously. The whide of the .spinning 
part of the machine is enclosed in a glass case, which can 
he opened when necessary. 'I'he.case is coimccted with a 
condensing aliparal.us, and through the case and con¬ 
denser a stream of warm air is aspirated, which carries 
along with it the vapour of alcohol and ether from the 
drying thi'oad.s, which is condensed and used over again. 
The thread, as it comes from the sjiinning machine, is highly 
intlrmmahle, for althou,gh it contains a ipiantity of water 
wliich W'as associated with the nitrocellulose hefore dis¬ 
solving in the solvent, yet a quantity also evaporates along 
with the solvent in the formation of the threails. 

This groat inflammahility of the artificial thread at first 
was one great liar to its tise, hut now the difficulty is got 
over hy a process of denitration similar to that employed in 
rendering celluloid non-inflammahle. This is accomplished 
hy passing the thread, after it has hardened, into or through 
a solution of an alkaline sulphide, usually ammonium 
sulphide, though others may he substituted. Ammonium 
sulphide does not seem to attack the surface of the thread 
or destroy its lustre as much as that of jiotassium or 
sodium. This solution is usually prepared hy passing 
sulphuretted hydrogen through a concentrated solution of 
ammonia until the point of saturation is complete, and 
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iillowing it lo'staiid until the solution turns ycillow by the 
formiition of various polysuli)hi<les whieli are puticularly 
active in the ilenitration. 'I’ho exact natuVe of the reaction is 
not yet knoivn, Imt it seems to reduce the nitro cellulose to 
sonii! form of hydrate of cellulose, which is less iuHammahlc 
than the nitro-cellulose. The prop'er strength of the solution 
and the exact temptraturo at which the operation is host 
cai'i’ied on are of tin! utmost importance, and are nstuilly 
determined hy each manufacturer for himself, as they aiipear 
to vai-y to some extent hy the nature of the source from 
which the cellulose is derived being diffiircnt for that of 
wood-])ulp its compared with cotton. 

If the solution is too .strong, the lustre of the fibre is 
destroyed, hut this can easily be ascertained hy examining 
the fibres with reflected light under the microscope, and 
the denitrating jirocess is accelerated by an increase in 
temperature, up to ti point, beyond which the solution 
attacks the fibres as above, even if the stnmgth is not too 
groat. 

Since the Chardonnet process came out various attempts 
have been made to introduce improvements into the process, 
either by the introduction of other materials along with the 
lutro-cellulose or hy the use of a diflerent solvent, or by a 
variation in the process of manufacture. Two of these, viz. 
the process of Du Vivier and that of Lehner, are the most 
important. 

The Du Vivier process employs the same soluble 
nitro-cellulose, viz. the tri- and tetra-nitrates, but he uses 
a different method of nitration by having a mixture of dry 
saltpetre and sulphuric acid in place of the nitric and 
sulphuric acid mixture, in which there appeal's to be no 
advantage. Also in place of the usual solvent for collodion, 
the ether-alcohol mixture, he employs a highly concentrated 
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glacial acetic acid in the proportion of one'huiulred parts 
of the acid hy weight to seven parts of the iiitro-cclhilose, , 
and with the viscid solution obtained he mixes a certain 
proportion of isinglass and gutta-percha. After the thread 
is sjmn in the same way as employed hy Chardonnet, the 
fibres are passed through’ a bath containing various metallic 
salts, such as the salts of alumina, thff object of which is to 
render the isinglass insoluble. The fibre is then ilenitrated 
in the usual manner. The threads produced by this process 
have a high lustre and considerable strength, but so far the 
manufacture dues not appear to have been attempted on a 
large commercial scale. • 

Lehner silk is made also from the soluble nitrates ; hut 
lie adds to the collodion so obtained a solution of natural 
silk obt..iined by dissolving silk waste in glacial acetic acid. 
He also adds a certain amount of sulphuric acid to the 
.’olution, by means of which the collodion mixture is kept 
in a more limpid condition, and can be forced through the 
pinner orifices with considerably less pressure, which is an 
advantage. Unless the threads are afterwards completely 
cleansed from the sulphuric acid their strength will be 
d^eriorated in process of time. This is by no means ea.sy 
to accomplish, because the acid is incor|K>rated with the 
substance of the thread as well as on the surface, and so 
resists every process of washing except prolonged soaking. 
Sometimes, in place of silk solution or in combination with 
it, he adds a solution of a nibber prepared from drying 
oils. Unlike Chardonnet, who when the threads emerge 
from the orifice allows them to evaporate the solvent and 
consolidate in the air, Lehner passes them through a solu¬ 
tion, consisting of a mixture of turpentine, chloroform, and 
juniper oil, and then hardens them by treating them with 
a solution of sodium acetate, after which the threads are 

0 
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denitratcd iti similar maimer to that employed in the 
Chardonnet process. 

Denitrpiting Process. —Although th^ method employed 
by Chardonnet renders the libies much less infiaminablc, 
yet unless the greatest care is exercised and the exact 
strength of the solution and the teihperature of the working 
aseertidned the lustre is to a certain extent dimniod. In 
order to obviate this, H. liichter ’ made a series of in\ estiga- 
tions regarding denitration, and according to his method he 
asaei-ts that the lustre is unaflected. 1 lis treatment consists 
in acting upon the threads with sueli metallic salts as have 
lower and higher degrees, of oxidation, tlie solutions of the 
lower degree being used w-itli the addition of an acid 
- only sufficient acid, moreover, being tiiken to convert the 
lower into the higher degree of oxidation. Amongst the 
metallic salts he found the cuprous compounds to be the 
most suitable, and specially cuprous chloride and oxychloride, 
by means of which complete denitration was efl'oeted. In 
addition to cuprous comiiounds he found that there might 
be used, either separately or in mixture, ferrous, manganous, 
chromous, tungstous, and mercurous salts, and the ferro- 
cyanides and metallic cyanide combinations. He found 
also that the denitrating process was accelerated by the 
addition of substances which caused the threads to swell 
up and thereby become more porous and receptive to the 
donitrating solutions; and in addition to a certain proportion 
. of alcohol and ether ho found, as being suitable for this 
purpose, oil of tur])eutine, glycerine, indifferent hydro¬ 
carbons and their derivatives, rubber solutions and more 
especially isinglass, which seems to confirm the rationale of 
Du Vivier’s process. Such additions, he asserts, cause the 
denitration to take place with greater regularity and 
' Cellulose, by Dr. Joseph Berscli, Loudon, 1904, p. 225. 
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•smoothness, and without injury to the lustre or strength of 
the thread. Tlie disadvantage of the use of nitro-cellulose . 
remains, however,* in all these'jiroeesses, viz. its explosive 
character, and the fact that to mitigate this, denitration is 
recplired, and (ivcui then comparatively gi'eat inflanimahility 
remains. It is not surprising, therefore, that attention is 
being directed to tho.se solutions erf cellulose which arc 
ohtaiiKMl direct, and not from the nitro-coni[X)uuds hut from 
those derived from the action of alkalies and alkaline salts 
rather than from the use of acids. 

Artiiicial silk jrrepared from the thiocarhonate of 
cellulose, which is ohhiined frijm the action of strong 
caustic soda upon cellulose, and then the resulting product 
dissolved in the hisulphide of carbon, has already been 
manufactured; but hitherto its use ha,s been confined to the 
manufacture of coarse threads which closely resemble 
structureless hor sehair, and are used in the manufacture of 
hair-seating and other similar fabrics. 

The many advantages, however, to bo obtained by the use 
of thesd direct cellulose solutions seem to indicate that they 
will in the future play an important pai-t in the evolution 
of the textile industries. 

Hydrofluoric acid has a remarkable action upon 
cellulose, inasmuch as it forms along with it a tough water¬ 
proof material which does not, however, resemble the pajrer 
par chment obtained by the action of strong sulphuric acid, 
since it is much tougher, and possesses very high electrical* 
insulating properties; and a material prepared in this way is 
novv being used when solidified for electrical purposes, and 
also when in the colloid state, in the manufacture of the 
carbon filaments for the electric light in place of the pre- 
jrarations made by the zinc chloride process. 

Action of Organic Acids upon Cellulose.— By 
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organic acids sikh as tannic, tartaric, citric, and oxalic acids, 
cellulose is but slightly attacked even when in a concen¬ 
trated state; the action of oxalic acid being, however, the 
most energetic, and with this it forms compounds which 
however, have not been fully investigated. 

Titiiiiic acid exhibits a much greUter affinity for ccllulosi! 
than the others, and i'ndeed cellulose will absorb from 7 to 
10 per cent of its weight from a(pieous solutions without 
injury to the fibre, and this action is taken advantage of in 
the mordanting of cotton in the dyeing anil printing of 
basic colours. 

The nmi-voliUile orriuitU' ttmh, such as oxalic, tartaric, 
and citric acids, when allowed to dry on the fibre act upon 
it almost in the same way as ndneral acids, and especially 
at an elevated teiiiperatiire and with a dry heat have a 
weakening action upon the strength of the yarn or fabric. 
This is most important, and especially as they are largely 
useil in calico-printing. Exjreriments were made by 
printing calico with a paste containing 20 grains per 
litre of oxalic acid, and an equivalent amount of other acids, 
and these were first exjrosed for four hours to an ordinary 
temperature, and in the second case were steamed for one 
hour. The following table exhibits the results of this 
weakening action :—' 


^ Aciil. 

I. 

11 . 

Oxalic acid .... 

2 r> iier cent 

2f» per cent 

T^taric acid.... 

r> 

10 

Oii^liO-piiosphoric acid . 

1-5 „ 

15 

Mpt.a-phosphoi'ic acid . 

31-5 „ 

35 

Pyro^-plioBpboric acid 

35 

35-.') „ 

Phosp'boroits acid . 

27 

28 


1 TexlUe Fitra, by Matthews, Londou, 1907, secoud editiou, p. 227. 
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Siiljilutcyanic acid, under siniilnr conditions, tenders the 
Tabric very sliglitly, imt under the infliunice of hot air the. 
action is greater even than wilh oxalic acid. Matthews' 
a])pears to thiidf that the destructive action of these acids 
in the cotton filire is not so much the chemical action as a 
purely mechanical I’csult ari.siug from the acids crystallising 
within the lumen of the fibre, and tfma bieakitig it up by 
simple rupture. 

(hvlir arid appears to have a ])(!culiar effect upon cotton, 
inaismucli as if a piece of cotton cloth is ])riuted wuth a 
thickened solution, dried, and after being hung in a cool 
place for about twelve hours and then well washed, so as to 
remove the solution from the part.s of the cloth which have 
been printed with tin! oxalic acid, it exhibits a direct affinity 
towards basic dyes, while towards substantive dyes it 
exhibits considerably less attraction than ordinary cotton, 
but is partially I'cactivc with the alizarin dyes. Tartaric 
a id citric acids do not produce this effect, nor docs neutral 
or acid iiotassium oxalate. 

AVith acetic, butyric, and similar acids cellulose forms a 
aciius of combinations which have the character of esters; 
that is, they are formed by the substitution of a hydrocarbon 
radicle for the hydroxylic hydrogen in the acid, which is 
analogous to those obtained by the action of nitric acid. 

Although cellulose will not react at ordinary tempera¬ 
tures with acetic anhydride, yet, according to Cross and 
Bevan," where cellulose and acetic anhydride are heated 
to 380° F. in a sealed tube in the proportion by weight 
of seven of cellulose to six of acetic anhydride, the cell¬ 
ulose is converted into a triacetate having the formula 
C].^H] 40 .,( 0 C 0 CH,)j. With the reagents in the proportion 

^ Textile Fihree, by Matthews, ftendoo, 1907, second edition, p. 227. 

* Oellidoee, by Cross and Bevan, London, 1895, p. 35. 
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of one to two 11 mixture of lower iicetotes ivS formed. The 
latter are insoluble in glacial acetic acid, while the tri¬ 
acetate is freely .soluble. 'I’lie solution is liighly viscous, and 
can otdy lie filtered with difficulty unles.s diluted with ben¬ 
zene. This acetate also dissolve.s when heated with nitro¬ 
benzene, and the solution gelatinises on cooling even whim 
highly dilute. 

(,'ellulose acetiites are easily saponified by dilute .solutiotis 
of alkaline hydrates, and specially in the presence of 
alcohol. 

In the 2 'resence of relatively small (juautities of zinc 
chloride cellulose and acAic anliydri<]c react at a tempera¬ 
ture of from 2611° to 280° F., forming a triacetate, and if the 
temi)erature is increased the acetylation ))roeeeds furtbci', 
and higher acetates are obtained. 

The following table .shows the quantitative relationship 
of the higher acetylated derivative.s of cellulose, with the 
percentage of carbon and hy<lrogen, and the yield of acetic 
acid .and cellulose as given by Cro.s8 and Bevan :— 







Yii'ltl on 

NaiiiP. 

ForiHUln. 

Tenipt-ia- 

tur**. 

c. 

II. 

Huftond 

oalrioii. 



. 



ACBllf. 

(Jelliilosii. 

TriactiUt(‘ . 


28H" K. 

fiO-O 

r,-fj 

G2-1 

5«’2 

Tf'traoetal.c. 


830 ’ F. 

r.o-t) 

r.-G 

72 7 

i9-l 

Peiitacctate. 


372'F. 

Til'6 


80-G 

43-2 


The tetra-acetate of cellulose, of which the formula 
may bo expressed CjII|(| 05 (C 2 H 30 )j, is of jwculiar- interest. 
It is perfectly insoluble in methyl and ethyl alcohol, cthj 1 
and amyl acetates, acetone, atid ether, but is soluble in 
ethyl benzoate, chloroform, glacial acetic acid, and nitro- 
benzol. The latter solution congeals on cooling to a solid 
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perfectly tr;iiispareut jolly. If ii solution of this acetate 
is poured upon a glass plate and allowed to remain until, 
the solvent has cAjiorated, there remains behind a thin film 
of great transparency and tenacity. 

This is much more re-sistant to the action of chemicals 
than the products derived from nitro-cellulose, and indeed is 
not attacked by alkalies even at hifjli tem})eratures. Pro¬ 
longed boiling with strong caustic soda, however, will finally 
(histroy the combination, atid leave behind it a transparent 
film of pure cellulose. The most remarkable proiierty of 
this acetate is its groat electrical insulating properties, 
surpassing in this respect both*rubbcr and guttii percha. 
It is perfectly non-inflammable, and only softens at a 
temperature of 300" F., and in itself or some modific.ation 
anpears to he specially adapted for electrical works, and 
p.articidarly as it retains its elasticity, and is not liable to 
break with a moderate degree of flexure. 

The fact that it is neither explosivenor inflammable makes 
it useful for a variety of purposes where neither collodion, 
celluloid, nor any derivative of nitro-cellulose can be used 
either in solid or as a varnish. It is perfectly odourless. 

Solid spirit or solidified alcohol is made from 
cellulose acetate. This body is prepared by dissolving 
100 grammes of cellulose triacetate in .fiOO grammes of 
glacial acetic acid and pouring the mixture in 2 litres 
(2T1.S quarts) of alcohol. Cylindrical structures of a 
gristly nature are formed in the vessel, from which the 
excess of glacial acetic acid and alcohol can be removed by 
pres.sure. These cylindei-s are then dried in warm air, and 
can be kept in closed vessels until use-d. When heated 
the product does not melt, Imt when ignited they bum 
away without leaving any residue. 

3. Action of Alkalies upon Cellulose.— Unlike 
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aciils, wliicb, even wlion dilute, have such an injurious 
, action u]>on cellulose, alkalies are harmless under ordinary 
conditioiiB. If the air is excluded, neitller carbonated nor 
caustic alkalies, ev(\n at a boiling leiu|)erature, attack it. If, 
however, air or oxygon is ])rcscnt, the case is different and 
especially where a high temperature is employed, as tlie 
alkalies act in the kame mannc)' as acids by causing 
hydrolysi.s, and thus the cellulose molecule is broken up 
and the tenacity of the fibre is destroyed proportionally to 
the extent of the reaction. 

This action is of the utmost importance, because of the 
use of the alkalies to remove from the cotton fibre the 
grease or wax which is always associated with it in the 
natural condition, and which it is essential should be 
removed before the process of bleaching or dyeing. This 
is specially important in the case of bleaching, because the 
temperature and pressure arc higher in the kiers than in 
ordinary dye-vats, and at high pressure the action of alkalies 
becomes destructive to the fibre by forming soluble products 
along with them, the extent of which depends on the 
pressure, and therefore also on the temperature of the 
solution as well as the strength of the solution. 

Tauss made aseriesof experiments to determine the extent 
of this action, and the following table gives the results 



j 8trpn^h of Sulutiuu. 

1 

Pressurp, 

3 per cfi»t Na^O. 

8 per cent NaoO. 


I’tircfiitage of Cotton diasolvod. 

15 lbs. per square iuclt i 

12*1 

22-0 i 

76 „ „ 1 

16-4 

r.8'0 ! 

150 

20*3 j 

! 1 

«9'0 I 
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Ammonia lias no action upon cotton at ordinary 
temperatures, but if the temperature is raised under . 
pressure to above 120° F. there'is a reaction which results 
evidently in the formation of an amido-celluloso or 
celluloses, and the product acquired a much greater affinity 
for acid colouring matters. The action of cellulose with 
gaseous ammonia is very remarkable* as it possesses the 
]iower of occlusion to a very amazing extent, being able 
to absorb at the ordinary atmospheric jiressiire ll.'i times 
its own volume. The author found that it also absorbed 
many times its volume of oxygen. This is similar to the 
power possessed by bone charcoal w spongy platinum, but 
whether the cause is the same or not is not certain. 
They all seem in certain cases to possess the power of 
precipitating metallic oxides from their solutions, which, 
from analogy with the platinum, would seem to indicate 
'hat the action is mechanical rather than chemical, possibly 
osmotic. 

Strong Caustic Soda. —When cellulose in the form 
of eofton fibres is treated with concentrated alkali, such 
as cau-stic soda, it undergoes a remarkable change, both 
mechanically and chemically. The fibies swell up and 
thicken, and the tensile strength is increased, and it acquires 
greater absorptive [lower and affinity for dye.s. 

This remarkable action was first observed by Mr. John 
Mercer of Accrington in IH.'iO, and upon it is founded the 
process known as “mercerising” from its inventor, and 
which will be fully described in the nfext chapter. 

This change in the character of the cellulose after 
treatment with strong alkali is due to a definite reaction 
between them, resulting in the formation of a new compound 
having the molecular ratio 2NaOH, accom¬ 

panied by combination with water. This compound is 
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(l('comp()sc<l on washinj' with watci’, the alkali being 
recovered unchanged, and the cellnln.se remaining as 
the hydrate, Oj.JIjdOi,,. HjO. ' 

If treated with alcohol in place of water one-half of the 
alkali is removed, ami the reacting groups remain a.sso<:iated 
in the ratio . NaOH. 

Iteecntly this reliction has uiapiired great importance, 
because upon it is now founded the manufacture of viscose 
and viscoid, which have a very imjiortant technical applica¬ 
tion. The process uimn which this manufactme is founded 
is described as follows by Cross and llevan. 

When an alkali-cellnlose (hydrate) is exposed to the 
action of carbon disulphide at ordinary temperature, a 
simple synthesis takes place, which may be formulated by 
the typical e<|Uation— 

OX 

/ 

X. ONa+CS„ = CS 

\ 

SNa 

The be.st condition for the reaction appears to be 
wlien the reagents are biought together in the molecular 
proportions C„H,„0., 2NaH0 C.S,^ (ISO - 40 H,,0) 

162 2x40 70 

80 

the second ONa group being in direct union w'ith the 
cellulose molecule, which reacts, therefore, as an alkali 
cellulose. The resulting compound is, therefore, an alkali- 
ccllulose-zanthate. This substance is perfectly soluble in 
water, with which it forms a solution of extraordinary 
viscidity, and hence it is termed viscose. 

The course of the reaction by which it is produced 
is marked by the further swelling of the mercerised fibre 
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;in<l j'tiiiJiiiil conversion into a transparent gelatinous mass, 
which dissolves to a homogeneous solution on treatment . 
with water. The *niost characteristic properties of these 
eclhilose zaiithates are their spontaneous decomposition into 
cellulos(!, hydrate, alkali, and carbon disulphide, and their 
e mgulation hy heat, when the solution is evaporated at 
a low temperature, into a dry solid, perfectly re-sohdde. in 
water. 

Jf heated at I .08 to 17(1' F. the solution thickens, and at 
lilt' F. the coagulation is rapidly completed. 

If the solution is dried down at this temperature in 
thin films they adhere with great tenacity to the surface 
upon w'hich they are dried. They can he detached by 
ircatment with water; and when freed from the products 
of reaction the cellulose is obtaimal as a ti-ansparcnt sheet of 
great toughness, which on drying hardens and increases in 
toughness, while still retaining a high degree of elasticity. 

By heating the thiocarhouate obtained as above with 
.s.dphurous acid in sufiicient proportion to combine with one- 
third of the alkali, regenerated cellulose may be obtained, 
but it differs from the original cellulose inasmuch as it 
contains a higher percentage of water (9 or 10), and the 
composition in percentage yields C = 43'3 per cent, H = 6'4 
per cent, which corresponds to the formula 4 C„H, 0 Or,. H/J. 

This form of cellulose is acetylated merely by heating 
it along with the acetic anhydride at ita boiling-point, 
whereas normal cellulose requires a tempeniturc of 388° F. 

Viscose. —In the manufacture of viscose it is nocessaiy 
to have the cellulose in as fine a state of division as possible, 
because it is advisable that the soda compound should bo 
formed quickly', and this is hastened by the cellulose fibres 
being cut up or ground into small pieces, so that the soda 
solution may act on as large a surface as possible at once, 



204 


'COTTON FIBRE 


CHAP. 


and also 1;e aide to ponetrate into the interior of the cells 
with the greatest facility. 

In order to accoinplisll this the filirl) is usually worked 
in a hollander, set fine, as is cm]doyed in making the 
material for Idotting-paper,, so that the stajdc may be 
as short as possible. The ecllnldse must be perfectly pure 
and free from forei^ matter if the vi.scosc is to be of tlie 
best quality, and specially if intended for making viscose 
filaments. 

The amount of water conbiined in the cellulose mass is 
very important, because, as the alkaline ley with which it 
has to bo treated in thetnercerising pi'ocess only acts when 
of a certain strength, the water associated with the cellulose 
must be taken into account along with the water which 
has to be added to the ley. 

It is usual, therefore, after the cellulose has been pre¬ 
pared in the hollander and exists as a fine creamy pulp, 
to dry it in air, until it does not contain, associated with it, 
more than .hO per cent of water. Before drying, the excess 
of water is removed by passing the pulp through a centri- 
fug-al hydro-extractor. 

As soon as the cellulose pulp is roa<ly, and its water 
content ascertained, it is transferred to a machine similar 
to that used in a paper-mill for breaking up what is termed 
“ half-stuff,” and worked until all parts are loo.se and the 
large masses broken up. The iircliminary working is always 
necessary when the cellulose has been prejjared for some 
time before the mercerising process. 

The caustic soda solution must be prepared of a sp. gr. 
of T2 to 1'4, and although the proportion to be used with 
a given quantity of the cellulose piilp may vary, it is found 
in practice that the best is fifteen parts of caustic soda to 
thirty parts of the air-dried cellulose. Excess of soda 
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beyond that required to effect the mercerisiftion is of no 
advantage, and rciiuires to be removed afterwards, altliough 
some manufacture* prefer to use an excess, and then 
remove and concentrate for use over again. 

The soda ley is slowly admitted to the cellulose ])ulp as 
it is being worked, and witen the whole has been added the 
mixture is diluted with sufficient water added slowly, to 
bring up the total water content to 50 jier cent, including 
that associated with the cellulose already, which must lie 
previously ascertained. 

Care must be taken not to fill the machine too full with 
the pulp previous to adding tlu! soc^i ley, because the action 
of the soda causes, as the action proceeds, the mass to swell 
consideralily, and thus the volume in the machine is largely 
increaseil. There is also a considerable increase in the 
temiieratui'c, which is, however, kept down, and can be 
regulated by the addition of the water, and when the 
w.iler contents of the celiulose itself are not too large this 
CUM easily be done. The conclusion of the action is 
marked by the mass becoming of a granular condition not 
unlike crumbled bread. After removal from the merceris¬ 
ing machine the product is passed through a fine sieve 
with meshes not larger than I of an inch square, and 
unless the product is going to be further treated as soon 
as cold, to be further changed into viscose, it must at 
once be stored in air-tight tanks, as it rapidly undergoes 
change by absorption of carbonic acid from the air, and 
this rapidly deteriorates its quality for the manufacture of 
viscose. The question of temperature is of the utmost 
importance also, as although most of the chemical change 
has occurred in the mercerising vessel, still, if the produce 
is stored, a further generation of heat takes place which 
indicates that the reaction continues for some time. The 
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storage vcssells must be made of iron, and perfectly air- 
tii;ht, and they must have some arrangement by tvhieh the 
pulp within can be reduced to and koj*; at a temperature 
not exceeding 43° F. On the large scale a refrigerating 
machine may bo employed and the storage vessels cooled 
either by being jacketed or having intenial cncirculatijig 
tubes, so that the temperature can ho carefully observed 
and rttgulated. If the temperature is allowed to rise much 
above 50° F. it rti[)i<lly causes decomposition, and becomes 
unfit for tiso. The decomposition is accompanied by the 
formation of acetic, formic, tind lactic acids and their 
cellulose compounds. , 

Preparation of Viscose. — The viscose solution is 
obtained by mixing the soda-celltilosc prepared as above 
with carbon disulphide in the proportion of ten parts of 
the cellulose to one part by weight of the disulphide. 
The mixture must he made as rapidly and intimately as 
possible. Vc.sscls of wood must be employed, as the 
disulphide frequently contains impurities such as free 
sulphur, w’hich would attack metal. A wood vessel 
arranged like a churn with revolving paddles is usually 
employed, and must be absolutely gas-tight, as the carbon- 
disulphide is a very volatile body, with a most disagreeable 
odoui', and highly inflammable when it burns into sulphur¬ 
ous acid. It also forms, when in the state of vapour, a 
highly explosive mixture, so that the greatest care must be 
taken to prevent naked lights being u-sed, and indeed it is 
better for this process to bo earned out in a well-v'entilated 
place and only during daylight. The mixture must be 
made in the cold, and with a temperature of about 60° F. 
complete emulsification takes place in about half an hour. 
The temperature must never be permitted to rise, above 
90° F. 



VIII 


CHEMISTRY OF THE COTTON FIBRE 


207 


When the chaiif;e is completed it results in the forma¬ 
tion of cellulose sulpho-carbonate. 

Jlefore the mixing machine is opened so as to permit 
the viscose to run out, it is necessary to remove the 
smallest excess of the disulphide of earboii which remains 
ill the vessel niicomhincil. • This is done by connecting up 
the vessel to a suitable condensing aj^aratus, into which 
the disulphide vapour is drawn by the opening of a vent 
in the top of the vessel, and aspirating air through it, 
A slight vacuum is therefore caused in the mixing vessel, 
and the disulphide vapour is drawn through the worm of 
the condenser and recovered for future use. 

In this process the greatest care must be exercised, as 
the mixture of disulphide of carbon and air is very inflam¬ 
mable and explosive; naked lights must not be used, and it 
is better to conduct the process only during daylight. 

Preparation of Viscose Solution,— The contents of 
the mixing vessel after the carbon-disulphide has been 
1 emovod are then drawn off into another vessel also fitted 
with a mechanical stirrer, and when this is set in motion 
water is slowly added. The viscid mass swells up and 
rapidly assumes the consistency of a thick transparent mass, 
and water addition is continued until about one and a half 
times the weight of the cellulose sulpho-carbonate has 
been added, when the desired degree of viscosity for 
working is usuidly obtained. Like the soda-cellulose 
before the disulphide is added, viscose is easily decomposed 
by the action of the air, and specially when the temperature 
is high; so that it can only be kept in store for use in a 
cooled chamber where the temperature is below 45° F.; 
and it is usual to place it in vessels and then to pour 
slowly on the top of it a layer of water wdiich, unless the 
mass is agitated, will not combine with it, and the lid of the 
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vessel is amftged so as to form a water seal so that all air 
is excluded. If those precautions arc not followed a thin 
layer of ccllulo.se arising'from the daiomposition of the 
viscose forms on the surface. When the viscose kept at 
this temperature is removed into the ordinary temperature 
of the workroom it can easily he manipulated, as it becomes 
more plastic. t 

Cross found that in the inanufaclnre of viscose a large 
saving in the amount of alkali required for making the 
soda-cellulose might be etfe<;ted bj' provioitsly heating the 
cellule,so for some time at a high temperature with dilute 
.sulphuric or hydrochloric acid, thei'eby eflecting, to a 
certain extent, a preliminary hydrolysis of the cellnlose. 
This may he .aceom])lished hy placing the ccllnlo.se mass in 
a digester with a 1 per cent .solution of sulphui-ic or a 
1 per cent of hydrochloric acid, and then raising the ma.ss 
to a temperature of about K. The quantity of acid 
solution used should amount to five times the weight of 
the cellulose. The treated cellnlose is then thoroughly 
washed to remove the Jcid and then air-dried. Hy this 
preliminary treatment the proportion of the mercerising 
soda ley required for the conversion of tho cellulose into 
soda-cellulose can be taken as follows :— 

Cellnlose . . . +0 to 5(1 per cent. 

Caustic Soda . . 10 to 12 per cent. 

Water, including that con¬ 
tained in the cellulose . 40 to .50 ]>er cent. 

Without this preliminary treatment the same quantity 
of soda ley would be required to treat only 25 per cent Of 
the cellulose, instead of 40 to 50 per cent. 

Uses of Viscose. —Viscose is now being employed in 
the prejiaration of cellulose filaments in place of the 
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iiitro-follulose coinpoimds, aiiil is saiil to gfve a higliei' 
lustre, iiiul does not require denitration, which usually 
deteriorates the fibre, iiSid causes it to lose a part of its 
lustre; but its princi|)al use is in tlie raaniifaetiire of 
varnishes and sizes for pajier and other fabrics, and for the 
manufacture of the solid vtseoid. 

The fact that viscose, when exposiSl to the action of 
air, undergoes slow decomposition, and when the volatile 
products are driven off leaves a smooth Layer of insoluble 
cellulose that is insoluble in water, renders it a fit medium 
for many technical purposes. 

I'lwk I’apen .—It is used as a thickening agent in the 
printing of wall-papers, and now forms the medium used 
tiy i«ipermakers as the base upon which to deposit the 
wool dust used in making flock paper. If used as the 
medium for printing metallic surfaces by mixing along 
with it powder of alnmininm, bronze, and other bodies, 
the substance .so treated has a beautiful metallic surface 
and sheen, which has exactly the appearance of a portion 
of the metahs, and when thoroughly dry adheres so firmly 
that it becomes perfectly fixed and cannot be rabbod off. 
Surfaces can in this way be prejiared of any colour, by 
mixing the viscose with suitable pigments and fillings, 
which make it have any surface from that of ivory to any 
required shade, and whiph is perfectly flexible and insoluble 
in water or weak alkalies, so that it can be washed without 
injury. 

In mixing powdered pigments or metallic dust with 
viscose it is necessary to place the water required to give 
it the necessary strength in a hollander, and then pour in 
the viscose and mix the solid materials in afterwards, until 
the complete mixing is attained. By the use of viscose also 
almost exact imitation of leather may he obtained. 

p 
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The faliriSs which form the basis for the artificial leather 
must be thoi-ouj'hly dried before impregtiation with the 
viscose, and cai'e must be taken tlftt the solution of viscose 
is of the necessary density to give body to the fabric.^ Thfs 
operation must be performed in closed vessels, through 
which the fabric is drawn, anil vWth rolleis which are -sot so 
as to reguhito the. amount of viscose required and squeeze 
out the remainder. These vessels nuist he connected uj) to a 
vacuura-piinii), so that the products cd decomposition can be 
passed into eoudensers, as they contain bisulphide of carbon 
and other jiroducts, wdiich must he recovered for further 
use. The soda can be dissolved out by water, and the pro¬ 
cess repeated until the desired thickness is attained. A 
last coat of thinner solution will leave a jierfcctly smooth 
surface. The material so impregnated may be used for 
embossing and any other' purpose, and the surface jrrinted 
W’ith any material, thickened with viscose, which will adhere 
to the cclluloso surface in the most complete manner. 

AiUJicml lmtlie.r so obtained is both finer and stronger 
than natural leather, and can he used for similar purposes, 
such as shoe soles or driving hands for machinery, by 
cementing thin layers together by the use of viscose solu¬ 
tions, until the desired thicknes.s is attained. 

Jliiililitii/ MaUrids .—Ordinary cardboard, impregnated 
with alum or soluble glass solution and then treated with 
viscose and rolled, may be formed into sheets which are 
almost fireproof, and can be used in building frame houses ; 
and felt, impregnated with antiseptic solutions and then 
with viscose, l)Ocome.s indestructible to ordinary reagents, 
and forms a most effective W'aterproof material for roofing. 

ArUjicinl Flotm's .—Thin gauze materials impregnated 
with viscose may be obtained of any degree of thickness 
and colour, and can be used in the manufacture of artificial 
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flowers, having all the aiipoarance of wax flowers, hut are far 
more durahle and indestructible by ordinary atmospheric , 
action; while canvas cifli be rendered perfectly waterproof 
and will not rot or decay even after prolonged exposure to 
damp, so tiiat such material is specially useful for tents. 

•Thin films prc]iarod frilni viscose can be obtained, which 
form a far more desindile material thifn any which can be 
got by the use of nitro cellulose, and are now being used in 
[ihotography, and are ipiitc as transparent and almost non- 
inflammable, so that they can very advantageously be 
employed for cinematographic purposes. 

ViSCOid. -As already seen, when viscose is alloweil to 
dry and tlie film so obtained treated with water, to wash 
out the soda, a transparent film of pure amorphous cellulose 
is obtained. If the solution of viscose is poured into moulds 
masse.® of transparent cellulose may be obtained in the 
form of blocks, which can be worked with tools into any 
de.dred shape. In preparing such blocks care has to be 
taken to cool very slowly, or the gases given off by the 
decomposition will form bubbles or cavities and so interfere 
with the transparency. 

IV'hen the consistency in the mould has attained that of 
a strong jelly the mass may be taken out and allowed to 
remain in a place free from dust until the change is com¬ 
plete, and then placed in an oven and slowly heated to a 
temperature not exceeding 212° P’. The block is then 
soaked in water to remove the soda, and, when this is all 
taken out, is subjected to a high pressure for some time 
in a press, when it consolidates into a block which can 
hardly be distinguished from glass. 

If the viscous material, before setting, is mixed with 
filling material so as to give it a greater solidity or make it 
resemble ivory, marble, or any other substance, it can, while 
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retaining a certain amount of viscosity, be pressed into any 
desired foini and used for aii intiidto variety of pui'poses, 
from the manufacture' of billiard biWis to door-iiandles and 
tingerplale.s, since it possesses the utino.st brilliancy of 
surface witli tlie greatest tougliuess and durability. 

Action of Alkaline Cnpric'Salts upon Cellulose. — 

The action of acid .sMtf!, such as the chloiidi! of zinc, upon 
celluhi.se, with which they readily form solutions, when 
heated or in the cold, when hydrochloric acid is added, has 
already heen considered. Alkaline salts, ami esjiccially 
whim mixed with metallic oxides and notably oxide of 
copper, form a .solution* which i-eadily di.ssolves cellulose, 
and has proved, under the name of Schweitzer’s reagent, a 
great aid in the niicrosco|)ical investigation of the structure 
of the cellulose walls of the cotton and other vegetable 
fibres. This remarkable action appears to have hcim first 
observed by Mercer when investigating the action of 
alkalies uj>on cotton. He employed a solution of ammonia 
of a sp. gr. 0-920 saturated at the ordinary temperature 
with cupric oxide (hydrate) diluted with three volumes of 
water. In investigating the reaction in relation to the 
influence of difl'erent conditions of treatment he found that 
solutiotis obtained by decomposing the copper salts with 
excess of ammonia were much less active than when he 
used equivalent solutions of the pure hydrate, and that the 
action was greatly retarded by raising the temperature 
to 100^ F., at which point it became very slight Ho 
applied a solution of cupric nitrate to cotton cloth in spots, 
and after decoraiwsing the nitrate with a weak solution of 
caustic so<la and removing the excess of alkali hy w’ashing, he 
partially dried the cloth and then plunged it into ammonia 
gas, when the action was at once apparent. Cross and 
Bevan point out that this action arises from the presence in 
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ihc cdllulosc molecule of Oil j;roups of opposite fmicUoii, 
biisic and acid, and tliat the com|ioiinds foniied with the 
solvents are of the naliile of doiihhi s‘dts. 

. Preparation of Cuprammonium Solution.— There 

are several methods of aecomplishiiig this; the simplest is 
toh solution of cii])ric .salt uniiiioniniii chloride i.s addcil, and 
(hen sodium hydrate (caustic soda) in suflieient. e.xcess, and 
the hhie preci]nLate obtained is then thorouehly washed 
and .all the e.vcess of moisture removed by sqiieezinj;. The 
precipitate is then di.s.solvcd in a solution of ammonia of 
O'Ol'O sp. or. The solution should now contain 10 to 1!) 
per cent of cojiper o.vidc, CuO. (>n the large scale for use 
in the preparation of cellulose solutions for commercial 
liiirposes, the sidution is ]U'epared hy treating copper 
turning 1 with ammonia in the presence of lactic acid, at a 
temperature as near a.s possible to 40' F. It requires 
about ten days before the cuprammonium solution is 
eoinplctely iircpared. 

The action of this solution is very slow upon pure 
ctlluloBO, hut very active when in the form of cellulose 
hyilrate, and hence for cellulose solutions mercerised cotton 
is altvays used. For making the cellulose colloid required 
in manufacturing artificial silk the following process is 
usually followed. 

The cellulose hydrate is obtained by mi.viiig 100 parts 
of cellulose with 1000 parts of a solution containing 30 
parts of sodium carbonate and nO parts of caustic soda. 
This mixture is then heated in a digester 3| hotu-s at a 
pressure of 40 lbs. per square inch. The mercerised cotton, 
bleached with chloride of lime, is again washed and dried 
and then dissolved in the cuprammonium solution. The 
solution, which contains from 7 to 8 per cent of the 
cellulose, is then settled and filtered under jiressure, and is 
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then ready for use in spinning. The mo.st important pro¬ 
cess, when the colloid is to he used for spinning, is the 
lilteritig jjrocess, liecauso if the leaJt particle of mechanical 
inijHirity is present it will fill U[) the spinning nozzles and 
entirely prevent the obtaining of perfect threads. Il, pays, 
therefore, to use nothing hut the purest raw material, u'nd 
to secui'e that the n'lerccaising of the cotton is complete, .so 
that all will he ecjually and perfectly soluble in the solution. 

It is almost ttnnece.ssary to add that in using the 
cuprammonium process nothing hut co|iper-lined vessels 
must he used, and they should also ho air-tight, when the 
process is in operation, so as to prevent tin; evaporation of 
the ammonia from the solution which causes it to decom¬ 
pose, and also all air must he e.vcluded so as to jirevcnt 
o.xidation. When the threads p;i.ss out of the spinning 
nozzles they are passed through a hath containing 30 to Gf) 
per cent of sulphuric acid, which coagulates and hardens 
them. This method of treatment produces threads which 
require no denitration; and the lustre of the fibres, which 
is very high, is therefore unimpaired, and on this account 
many technologists arc now of opinion that this jinrcess 
and the use of viscose in place of nitro-celluloso derivatives 
will supersede all others. 

This properfy of cuprammoidum salts to dissolve and 
gelatinise cellulose has been employed in surface-treating 
thick cotton cloth, to compact the component fibres together 
and give a rvaterproof glaze to the fabric. Cloth so treated 
retains thi! copper o.vide on the surface, and when it dries 
it colours it a bright malachite green, which in addition to 
being waterproof acts as a preservative against the attacks 
of insects and vegetable growths such as milde«^ 

It is now being largely used for cart, waggon, and rick 
and tent covers. 
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Action of Alkaline Zinc and Lead 'Salts- The 

copper in cuprammoniinn can he replaced by zinc and lead 
oxide forming zinc amiAonium hydroxide, which gives a 
colourless solution of cellulose, and preei])itatiing, when the 
cupranmiouiuui solution is treated with liuely divided le,ad 
oxkh, a compound of cellftloso with lead having the com¬ 
position x((l . I’hO). 



(CHAPTER IX 

(.;}IEMIST)f,Y OE THE (.'OTTHX FIBRE-<■»«/;«««/ 
Mercerising Process* --Altlnmgli tin' nmircrisinj; of 

cotton haa been incidentally nientioiKnl i]i relalion to the 
treatment of cotton or cellulose as ])re)iaration for solution 
in various roaoents, still, the j)i'ocesa, in the aii])lieation of 
it to industrial use is .so im|)ortant that it merits special 
consideration. 

In IShOdohn Mcnx'r, a Ijiincashire chemist, discovered 
that if cotton fibres were sotiked in a cold solution of 
caustic soda of a sp. gr. of 1-3 or 1'4 they became stronger 
and fuller, converting thin and coarse cloth into strong 
and fine cloth, with improved powers of receiving colour 
and making the colours more permanent. These three 
important and very remarkable alterations occur at the 
.same time—the fibre becomes stronger, it acipiircs increased 
attraction for colouring matter, and it also becomes finer. 
It frequently happens that chemical reagents have a 
weakening action upon the fibres subjected to them, hut in 
this case it is the reverse. 

A valuable paper dealing with this subject was pub¬ 
lished in the Ctvmicnl Jovrml of 18G3 by Walter Crum, 
F.R.S., who pointed out that if the unripe and perfectly 
collapsed fibre is subjected to the mercerising process, it at 
216 • 
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once assumes the round solid form of ripe cotton, dificrini; 
from the naturally matured and rijioned fibres onl_v in 
being smaller, more gi^ierally cylindrical, and haring a 
larger aperture or lumen in the centre, lie adds: “ It may 
now a]ipear not improbable, tlmt by the jirocess of ripening 
an tli'eet is produced simifar in character to that which is 
given to the unripe fibre by artificial ineans, and that the 
natural ex|)ansion may be asci'ibed, not t,o the imjiortatiou 
of a new kind of matter caating the interior of the 
original cell-w.all, but to a .strengthening and rendeiing 
elastic of the membrane, already existing, of tile wall 
itself, so as to produce the separation from each other of 
the cells, or concentric lamina', or other structure of which 
it ninst consisf.” 

If this be the case, the tube walls of a fully matured 
and rijie cotton tibre I’cally consist of a series of tissues of 
]mre cellulose, which are separated from each other by a 
sei'MS of intervals of more or less dense celhdar tissue, 
forming a series of capillary surfaces, which act with the 
utmost energy upon any liquid in which the fibres may 
be immersed, and which will fully account for the 
extraordinary absorbent power which the cotton fibres 
possess. Crum believed that the thin pellucid outer 
sheath of cellulose acts as a dialysor, and under the laws 
of osmotic action the surrounding liquid passes into the 
inner cells, whose thin transparent w'alls act in like 
manner; and by a series of these actions the liquid is 
gradually passed inwards, until it finally reaches the inner 
cavity or lumen. Upon these observations he formed the 
opinion that the dyeing of cotton was almost a purely 
mechanical action which, however, is now generally 
discarded. 

This dialysing process wdll of course take place to the 
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greatest, degree when the formation of the cotton filire is 
most ])erfect, and when, as in the fully ripe ami mature 
fibre, all the cell-contents have Ifeen changed into pure 
ccdlular tissue, hiaving the free cellular spaces lietweeii 
the lamina; perfectly nnfilleiV; and therefore, like so many 
ca])illary tubes, able to exert the utmost force of which 
they are capable in drawing inw.ards and retaining any 
liijuids. which may be ]>resented to them. The action of 
the alkali which removes the oil and wax which are always 
found on th<' surface of the fibres also prepares the 
surface, which xvas so protected, so that it becomes moi'c 
absorbent and thus more attractive to any c(douring 
matter iir(;sent in any solution ])i'csented to it. 

In ISb.'S the author of this book, wdiile experimenting 
on the tnercorising of yarn with a view to ascertaining 
the best strength of the caustic soda solution to impart 
the maximum strength to yarn so trciited, used the swift 
of an ordinary warp reel on which the yarn was wound, 
to immerse the cotton hank into the caustic solution, and 
was astonished to find, when the yarn was washed in the 
same manner, that the lustre of the yarn was very greatly 
increased, and in the ctise of Egyptian cotton (sspecially, 
the lustre was almost equal to silk. He exhihited hanks 
of this yarn at a lectui'e ho delivered at the Bradford 
Technical College in connection cither with the Society 
of Chemical Industry or the Society of Dyers and 
Colourists, and strongly advised the chemists who were 
pi’cseut to further investigate this matter, as likely to lead 
to important industrial results. This process of lustering 
yarn is now largely used; hut the author believes that he 
was the first to point out the special adaptation of 
Egyptian cotton for this purpose. In the mercerising of 
cotton there are two distinct changes which take place, and 
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which arc coinciilciit with the two pliascs wliicli the cotton 
undergoes, the one of whieli is chemical ami tlii! other 
mechanical. The fir.st ‘is the cheniical action of the 
alkaline solution, which efl'ects a chemical transformation 
in the molecular structure of the fibre, by the formation 
of :t chemical compound with the caustic soda and the 
cellidoso in the molecular .ratio of : tiNaOll, 

accompanied by combination with water (hydration), and 
a further change when the cotton is washed in water so as 
to remove excess of alkali. During the process of washing 
this compound of cellulose and alkali is decomposed, the 
alkali being recovered unchanged ii» solution iti the water, 
and the cellulose reappearing in the form of cellulose 
hyilrate, Ci.dhoOjQ. H 3 O. If the alkalinated cotton is 
treitted with alcohol, in place of water, only one-half of 
the alkali is recovered in the solution, and the cellulose is 
associated in the ratio C|»ll,„ 0|5 ; NaOll, which is known 
as r.lkali-cellulose. The cellulose hydrate is the basis of 
mercerisation. 

The second change is mechanical, and the result of 
washing the mercerised cotton under tension that is 
necessaiy to prevent too great shrinking of the cloth 
or yarn, and which, while the general physical appearance 
of the fibres remains the same, results in the swelling of 
the fibres with all the characteristics of greater ripeness 
and an increase in strength and surface lustre. This 
physical change is very remarkable, and fully accounts for 
the increased lustre which is observed in merceriseil yarn. 

One of the technical difficulties connected with the 
mercerising of yarn' w’as, until recently, that of ascertaining 
whether all the yarn was properly mercerised, as, unless 
the yarn is thoroughly cleansed and the caustic solution of 
the right temperature and strength, irregularity is sure to 
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lie manifeiiled when tlie yarn comes to lie dyed afterwards. 
Also whe,ii tliesc defects were jiateiit, it was often diffiridt 
to decide who was at fault in thfi matter - the mercerisor, 
dyer, oi' finisher. (Juite recently, howeiei', Mr. dnliiis 
Hnhner, M.Sc.Tech., F.I.f.'*., of the Manche.ster Technical 
C-ollef^e, read a jiapcr entitleJ “Mew Eeactions for’the 
(diaractei'isation of Mferce.rised Colton,'’ liefore the Man- 
chesier Literary and Thilosophical Society. The author 
.stated that hitherto no reliahle chemical reaction for the 
characterisation of mercerised cotton was known. He had 
found, however, that on iinmcrsinj' mercerised and ordinarj 
cotton in a solution of fodine in .saturated potassium iodide 
solution for a few seconds, and afterwards wa.shing with 
water, the colour of the merceri.sed cotton i|uickly changed 
to a hluish-hlack, whilst the ordinary cotton became 
lighter in colour, and changed to a hrownish-chneolate 
shade. After further washing the oidinary cotton became 
white, whilst the mercerised material remained a hluish- 
hlack colour, which faded very slowly on prolonged w’ashing. 
The reaction proceeded still more distinctly and more 
slowly if, in jilace of water, a two per cent solution of 
potassium iodide in water were used for washing the cotton 
after immersion in the reagent. It would then he noticed 
that after five or six washings the mercerised cotton was of 
a hrownish-hlack shade, whilst the ordinary cotton appeared 
practically white. If now water were added the colour of 
the mercerised cotton changed immediately into a hluish- 
hlack, whilst the ordinary cotton remained white. On 
applying the reagent described above to cotton mercerised 
with caustic soda of different strengths, it had been found 
that a distinct gradation of colour w'as produced, which 
was directly comparable with Hiibner and Pope's results 
as to coloiw absorption, shrinkage, and other mechanical 
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properties of cotton similarly trcateJ. On (Irying tlic Mne- 
colonrcil cotton, after washing, the colour was found to 
fade grailiially. If the cfittoii were dried without washing 
tfie hrown colour of the ordinary and of the weakly 
mercerised cottons faded rapidly', whilst the more strongly 
mersei'ised cottons rctairiefl the iodine for a very long 
time, in some cases even for six weeks'.' The author has 
further found that, if ordinary mercerised cotton were 
immersed in aqueous solutions of zinc chloride to which 
two drops of a solution of iodine in iiotassium iodide had 
heen added, the minute ipiantity of iodine present exhihited 
quite a remarkable action on the cotton fibres. The 
strength of coloration of the cotton increa.sed to a certain 
poiiir with the increase in the strength of the zinc chloride 
solul ion the shaile of the colour altered, and the difference 
in the strength of coloration between the mercerised and 
the 01 dinary cotton increased also with the strength of the 
zim chloride solution until 100 cc. of solution contained 
fl.l'S grains of zinc chloride, when the ordinary cotton 
reuiauied iiractically white, whilst the mercerised cotton 
appeared a dark navy blue. Ckittons which had been 
mercerised with different strengths of caustic soda solution 
showed with this reagent also a gradation in colour by 
means of which the degree of mercerisation of a given 
sample might be ascertained. It was pointed out that 
these reagents might prove of value in the distinction of 
other textile and papermaking fibres, the various artificial 
silks, etc. 

Microscopical Appearance of Mercerised Yarn.— 

When the fibres are examined under the microscope in 
the ordinary untreated condition they present, as has 
already been seen, the appearance of a number of more or 
less irregularly twisted ribbons, or a series of tubes which 
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liiive collni'ised ami been twisted on their longitudinal 
axis, sometimes in one direction and then in another 
in the most irregulai' manner. 'They also exhibit, especi¬ 
ally in the rase of fibres wdiich arc not fully, ripe,, a 
surface tilled with wrinkles and irregular folds caused 
by the shrinking in of the interior layers of wdiicli the 
cell-walls .-ire com]«)scd, and the conse(|uent shrivelling 
of the outer layer or pellicle. When the cotton is 



Fig. 47.—Fibres of Ejjyptian (\)tton Mercerised, x ^00 diameters. 

mercerised this appearance is entirely changed, and the 
fibres swell up, and in swelling the reverse process of 
drying up is exhibited. The inner layers are fed by the 
alkaline solution and hydration, and their thickness is 
restored and most of the twist taken out of the fibres; and 
as the twist was not, like the threads of a screw, formed 
by rotating the substance of the fibre on its longitudinal 
axis a given number of times, but by the leverage action 
of the outer surface of the tube upon the more solid 
structure of the innermost layer surrounding the central 
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cavity of the tube, the twists gradually uncoil, and the 
taking out of the twist in one direction is l)alanced hy the 
taking out of that in the other dircctihu, and most of the 
fibres arc seen as more or less soliil tulics with a surface 
possessing a smooth appearance, as all the wrinkles have 
been stretched out. This action occurs to a certain e.vtent 
even when the fibres are not under tension, but of course 
this is greatly facilitated by being kept tight longitudinally. 



Fi(i, 48. — Fi))refl ofEj'yptiaii ('oUon (IJrown) Unniercerised. 
X 200 (UatnettfTs. 


gives an illustration of a number of mcrceri.sed 
fibres as seen under the microscope, and these may be 
compared with unmercerised fibres of the same class of 
Egyptian cotton given in Fig. 48. 

Cause of Lustre in Mercerised Cotton.— The 
brightness and lustre of the mercerised cotton is due to 
two causes. The first, that the unwrinkled surface now 
reflects the light to the eye in regular sheets in one 
direction similar to that observed on the surface of still 
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wiilev, wliicK gives pei'fcet reflections of any object; whereas 
when disturbed even by small waves which correspond to 
the wrinkliis on th(' surface of t<io cotton, the surface of 
the water becomes dull and unreflective as the rays of 
light arc scattered in every direction. The second cause 
is that the action of the alkali makes a more or'leas 
gelatinous and ti’anslncent surface to the fibre, which 
reduces tlu! absorption of the light and increases the 
reflection. 

To obtain the best lustre the author found that it was 
best, in the case of yarn, to treat the hanks with the 
alkali in the oidinary way, as if dyeing them without 
tension, and then apply the tension during the process of 
washing to remove the alkali. After the lustre is obtained 
on the ytirn and the alkali removed, if the same yarn is 
again treated with alkali a large portion of the lustre is 
destroyed, and can never be restored agaiiu This probably 
arises from the alkali attacking to some extent the surface 
pellicle of the fibres; and this action is probably considerably 
incrciised by the fact that the first treatment with alkali 
removed the protective covering of wax and oil, and so 
left the surface more open to disintegration. 

Treating the fibre with caustic potash in jjlace of 
caustic soda gives a more energetic reaction, and the 
shrinkage, is less in length as measured by the, force 
exerted, but the lustre is also less, as might be expected. 

Matthews, in the second edition of his work on Textile 
FiWi’S, page ;i42, gives an interesting summary of the 
results of some exiieriments made by llerbig, w’hich are as 
follows:— 

1. Loose yarn, mercerised without any stretching, 
whether long or short stapled, and whether with or 
without a hard twist, has less lustre than unmercerised 
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yarn, but even with slight tension the lusfro beeomes 
greater. 

2. ]h)th with long anri short staple*] cotton, tiie lustre 
only becomes marked wheoi the stretching force is .sutlieient 
to bring back the yarn to its original length. 

:i. S'retelling beyoml th6 original length docs not give 
any increaseil lustre. * 

i. Considerable difi'erence is observable in the stretch¬ 
ing force needed between loose mercerisation, followed by 
stretching, in the ley, and keeping the cotton at its original 
length during mercerisation, as in the latter case only one- 
third to one fourth of the force is n(cessary to produce the 
silky lustre. 

b. The stretching of the yarn re<[uires only a small force 
when me ceri.sed loose, and if applied when rinsing is in 
aclnal jirogress, for the best time for stretching i.s during 
the C'jiiversion of the soda-cellulose into hydro-cellulo.se. 

6. When rinsing is over, twdee as much force is needed 
toresl'Ji-e tie; original length as is required to restore it 
when still in contact with the ley, and yarns so treated 
contract somewhat on drying and exhibit inferior lustre. 

7 . The stretching force necessary in mercerising yarn 
varies with the tw'ist, and in general is greater in proportion 
as the twist is harder. 

h. The production of the silky lustre docs not depend 
jirimfirily on the amount of force employed in stretching, 
as soft yarn, with only a small amount of twist, can bo 
lustered. 

9. The production of the silky lustre is inde])endcnt of 
the cotton being long or short stapled, as shortrstaplcd 
American cotton, even with a loose twist, can be given a 
silky lustre. 

10. The production of a high degree of lustre depends 

Q 
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1-0 a cousiilerablc extent on the fineness of the fibre and 
its natural bistre. This is apparent in mercerising Sea 
Island and Egyptian cotton, " 

Increase in Strength of Yarn.- An important jmint 
in regard to moreorising is.tliut the strength of the yarn 
and cloth is not in any way inipaired, but on the contrary 
is considerably inci'easod, in some ca.scs to tbc extent of 
from 30 to .50 jier cent. No experiments seem to haie 
been made in regard to the inci'easc in strength in 
individual fibres, but there can be no doubt that they 
are strengthened, because if fibres are mercerised they 
shrink in length and increase in diameter to thi; extent 
of from 30 to 30 per cent, and therefore present a greater 
and fuller cross sectional area. The difficulty of treat¬ 
ing inilividual fibres under tension would not repay the 
trouble of investigation, but it is quite different when they 
are mercerised when associ.atcd in the thread, as this is the 
form in which they are used commercially. 

(Irosheintz (quoted by Matthews) gives the following 
result arrived at by some experiments conducted by 
himself, but does not give the counts of the j'arn :— 


TABLE OF KELATIVE STRENGTHS OF MEKCERISEI) AND 
UNMEKCERI8ED YARNS 


UlimoKvnsfd 

Yai n. 

Mi-rcffvi.siHl in 
C()1<1 Cuimtic 
Hod.i. 

MiT(ton8<‘il ill 

Colli Atcoiiolic 
Caustu' 8 )(la. 

Merctirised ui 
liot Alcuhnlic 
CftQNtic Soda. 

III 

•Slrt«iiKtli 111 

ISlmiKth 111 

Strength m 

gmmiiicH. 

^'IUHUHOn. 

granmitiH. 

grammeH. 

350 to 3G0 

530 to 570 

600 to 645 

690 to 740 


He does not give either the counts of the yarn or the 
quality of the cotton or the length which was tested at 
the same time. Neither does he give the twist in the 
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yarn. I'Vom these experiments it seems tUit the yarn 
mercerised in the ordinary way increased in sti'eugth about 
<)0 per cent, and upwarife of 100 per* cent liy the use of 
aleoliolic solution of soda in place of the usual water solution. 

To dcterniine this jioint a luindier of experiments were 
made In the aullior some time ago, tlic (juautity tested at 
a time being a lea from an ordinary cotton liank, and the 
tests were made on a yarn tester driven by power, which 
will he described later on. The yarn was mercerised in a 
cold solution of caustic soda sp. gr. Idl.') without tension, 
but rinsed under tension, and after drying left in the testing- 
room at a temperature of (i2” F., umUir ordinary atmospheric 
conditions. 

Tin. strengths of yarn given in both the mercerised and 
uumerceri, ed yarn arc the average of five leas each. This 
applies both to the single and twofold yarns. The follow¬ 
ing ai e file results obtained : - 


Table of stkescths of mekcekised and 

UNMEECERISKl) YARNS 




HIMOLIC 

YARNS 







Aft<T 

Hefon* 



Xatiire ot CoLUjii 

uried. 

Aver»K«C<>unts 

Sluiidaid. 

>f<Tccr- 

ismg, 

IbN. 

Mercer- 

iMtlR, 

UlH. 

(iain m 
lbs. 
Iierleu. 

(Jain 
pel' cent. 




per leu. 

(Kirlea. 


American cotton 

20* 

mule 

103 

78 

25 

32-5 

Egyptian and 







American . . 

20“ 

mule 

138 

102 

36 

34-5 

American cotton 

20“ 

water 

107 

81 

26 

32*1 

,, 

Egyptian cotton 

32* 

mule 

64 

52 

12 

27-2 

40* 

mule 

73 

54 

19 

35*2 


50“ 

mule 

46 

35 

11 

311 


00“ 

mule 

42 

32 

10 

31-3 

Super ooinbed } 

60“ 

mule 

46 

34 

12 

35-3 
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It will be seen from this table thiit the average increase 
in strength in the American yarns is 3]-6 i)er cent, while 
that of the yains hiade fiom Egyptian cotton, c.xclusive 
of the combed yarn, is 33 per cent, and that of the .coiub(;d 
yarns above Hn per cent. 

It is interesting to compare this increase in strength in 
the single yarns wfth a number of tests made with twofold 
yarns with standard twist, and they were mercerised and 
tested under the same conditions as the single yarns. 


TABLE OF STRENGTHS OF MEK(;ER1SED AND 
L’NMEROERISED YARNS 

TWOKOM) YAIINS 


Nalure of Yarn usctl. 


American cotton 
Egyptian cotton 


Sea Island cotton 


Alter 

Mwer- 

ismg, 

lbs. 

per lea. 


^/-10« twiner lAl 
„ 1(52 

2/10* IVaine 1(56 
2/38* „ ! 193 

2/60=* ,, ■ 122 

2/60* twiner ; 127 
2/80“ frame 92 
2/120“ „ '76 

„ 94 


Boloif [ 


Morerr- 

isnig, 

lUs. 

IH'i lea. 

Oaiii III 
! llw. 

1 per lea. 

1 

(lam 
|)or cent. 

104 

1 !i0 

1 48*0 

108 

64 

50*0 

110 

1 56 

51 -0 

130 

[ 63 ' 

48-0 

82 

1 40 

48*7 

85 

1 ; 

' 49-0 

62 

' 80 : 

48-0 

52 

1 21 . 

46-0 

60 

1 34 : 

52-8 


j Avmno Coiinta, 
i iStaiKlanl twist 


While the single yarns made from American cotton 
increase only 31 ’6 per cent, the twofold yanis made from the 
same cotton increased 48 per cent. The Egyptian single 
yarns increased 33 per cent, but the twofold Egyptian yarns 
nearly 43 per cent, and the Se.a Island super combed two¬ 
fold yarn D2'8 per cent. From these experiments it 
appears that the yams tested by Grosheintz must have 
been twofold, and probably extra twisted, or else that they 





IX 


CHEMISTRY OF THE COTTON FIBRE 


229 


were inei'ceriscd without tension, since some experiments 
marie by linntrock showed that if cotton was mercerised 
without tension, and thcj'efore .allowed to shrink freely, 
thV, strength was increased fiS per cent; while under tension 
it only increased .‘i.o ])cr ccnt,^which, if they were single 
yarn-;, closely corresponds to the ])cr cent, and in the 
case of the combed single yarn 35 pen cent in the above 
tables. 

So far as the action of the mercerising ])roces8 niton 
the libve is concerned it is the same both in the single and 
twofold yarns, and the individual fibres are probably 
strengthened equally. The difl'erenje in strength between 
the two, therefore, lies in the way in which the fibres are 
held be iml in the thread, and this difi'erence is even more 
striking in ihe difi'erence before mercerising between the 
single and double yarns of the same counts. Twenties 
single, mule spun, which corresponds to forties twofold, 
have ,i strength of only about 1h lbs. per lea as against 
100 in tne twofold yarn. In the single yarn the fibres civn 
on'y be twisted to the extent of their individual length, 
and the catch or hold which they have upon each other is 
limited to their individual surface and the length of the 
staple, and they' therefore, when subject to strain, lose 
their hold upon each other, and draw out; and when the 
broken end of a single yarn, if unsized (which cements 
together) is examined it is very seldom any of the fibres 
are fractured, as they are simply drawn out. Hence single 
yams cannot be made to stand the tension in rinsing which 
is necessary to attain a high lustre. Tw'ofold yarns have 
a much firmer grip, because in addition to the hold of the 
individual fibres upon each other in the single yarn there 
is the associated grip of the two cylindrical threads wrapped 
round each other, and enabling a much higher tension to be 
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resisted. 'As a couscijuciice, when the iircikeri end of a 
twofold yarn is examined, many fibres are found to be 
fractured. It is nsnal to put V:ss twist into single yarn 
used for douljling than when used for warps and sizing, and 
this enables the two twisted threads, as being softer, to bed 
more closely into each other and so resist tension, bolides 
giving the yarn atfofter feeling with the same twist in the 
doubling. 'When single yarn is mercerised in the cloth it 
may be made to roecivc a higher lustre, because the cloth 
will stand the necessary tension to prevent shrinking, as 
the threads arc now interlaced, and therefore give mutual 
su])port to prevent drjiwing out, and in this way act as if 
the yarn was twofold. 

Increase in Elasticity. —As might naturally be 
cxi)ccted, mercerised yarn, when prepared without tension, 
shows an increased elasticity, because the fibres have been 
allowed to shrink up as much as they can; when, then;- 
forc, they are subjected to tension the elasticity is about 
17 per cent as against about 11 per cent in the same yarn 
before incrcerisatiou, an increased elasticity of 55 per cent. 
When the yarn has been rinsed under tension a certain 
quantity of the elasticity has boon taken out of the yarn 
which cannot be regained when the yarn is dried. 

Time of Mercerising. --The action of the cold alkaline 
ley upon the fibre in forming the soda-cellulose is very 
rapid, and is completed in a few minutes, not more than 
ten minutes being necessary, and the time appears to be quite 
independent either of the exact strength of the solution or of 
the temperature. The yam or cloth ought to be remove<l 
as soon as ever the process is complete, because continued 
contact with the ley is not only unnecessary but also 
injurious, as the alkali attacks the surface of the fibre 
and reduces its lustre, if kept immersed too long. This 
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l>rol):il)ly arises from the fact tiiat when Uic« cotton wax 
and oil is removed from the surface of the outer pellicle it 
is no longer protected fijim its action^ and heing attacked, 
sniffers both in lustre and strength. 'I'his deleterious action 
is greatly accelerated if the tciu])oraturo is too high, and is 
prohahly increased hy tlx; tendency, if exposed to the 
action of the air, to form oxycellulosfx hy hydrolysis and 
oxidation. 

Improvements in Mercerising.— Since Mercer’s time 
many attempts havf! been made to improve the process 
and increase the beneficial elfects on the cotton, in some 
cases, by the tise of other chemicabs than soda ash to bring 
abotit the hydration, but mostly by addition of others to 
the snda-ley or by some preliminary treatment to assist or 
modif' it action. Strong mineral acids and metallic salts, 
stich as chlorides of calcium, zinc, and tin, have been 
employed, but they do not give any results (n|ual to the 
soilii.'.'i .<;dt, and all more or less tender the yarn and give 
inferioi lustre. 

The addition of alcohol along with the soda-ley is said 
to increase the strength, as ajrpears in Grosheintz’s 
experiments, and the addition of glycerol, or previous 
treatment with turkey-red oil, which seems to assist in the 
more com])lete penetration of the soda-ley; but tvhethor 
this results from any chemical change or only from the 
action of these substances in a more complete manner by 
removal of the waxes, oils, and other cell-contents, which 
if unremoved hinder the absorption, does not appear clear 
from any experiments which have been made. 

AVhen bleach white is reiptired with mercerised cotton 
it is a matter upon which opinions seem to differ, as to 
whether the bleaching should be done previous or 
subsequent to the mercerising, hut the latter seems to be 
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the practice •generally employed. Tbe rationale of thi.s is 
not far to seek, because tbe bleaebing action opens the 
])Ores of tbe outer ^)elliele of tly! fibre, and .specially in 
tlie ])r(!senc(! of calcium byiiocblorite, t!a{Ol'l),„ which i.s 
always more or lc.s.s present.,in bleaebing powder, ami tin's 
rendeis the fibre substance moie likely to be injured by 
the strong caustic- solution. There is also a chemical 
action which occurs with the cellulose, which renders the 
.surface of the fibre less able to enter into chemical union 
with the soda, so as to eflect the mercerising jmicesis, in 
the best pij.ssible manner. In mercerising cloth which 
contains sizing materials, even after due jireeaution has 
been taken to remove them, it is necessary carefidly to 
watch that the temjieratnre of the soda-ley docs not rise, 
otherwise the process will not bo effectually carried out; 
also when cloth or yarn is to be bleached after mercerising it 
is not necessary to entirely remove the whole of the -soda- 
ley cither by rinsing during the sli-etching pi-ocess or by 
neutralising with weak acid, as a small quantity of alkali 
assists rather than retanls the bleaebing process, but special 
care must be given to sec that the strength of the bleaching 
powder is not too great, or the temperature too high, or 
the time too prolonged, otherwise the lustre will be 
impaired. 

Action of Chlorine on Cellulose.— Hiy chlorine gas 
has no action upon cellulose, but in the presence of moisture 
there is a reaction which is specially active in destroying 
colouring matter; and in the fom of various chlorine 
compounds such as the hypochlorite and chlorides of the 
earths and metals we have already seen that it acts in the 
same manner as one of the mineral acids. Also that in 
the carbonising process for the destruction of vegetable 
(cellulose) fibres the hydrolising agents in the form of 
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(ihloi-itic salts depend for tlieii- aetioii upon the liberation 
of chlorine in the presence of heat and moist cellulose, and 
the formation of oxyehloiijdes. 

Sin£^eing.—Before hlcachiiif' "oods it is essential that 
afl short fibres or flnlf on tlip surface of the goods be 
removed, otherwise the clitth will have a matted uneven 
appearance when finished. The cloth'is therefore, as a 
pre]iaration for bleaching, passed over a series of Imnsen 
gas jets at a sufficient sjieed to jirevent hurning the cloth 
but singeing off all the hairs, tare must be exercised to 
prevent the cloth being scorched or the temperature becom¬ 
ing too high, otherwise it may decgmiiose the magnesium 
chloride used in ihc size, and the cloth he thus tendered by 
the after jirocess in the bleaching by the conversion of the 
hydro -ell Hose so produced into cellulose. 

Bleaching.—No industrial operation in the manu- 
factufc of cotton is of more importance than the bleaching 
proces-i, because it not only removes any colouring matter 
which may be present, as endochrome in the fibre, but also 
frees it from other oleaginous and other organic impurities 
which, unless lemoved, rvonld seriously interfere with the 
dyeing process, and specially when light colours are to be used. 

In the bleaching process itself it is not, however, the 
chlorine which is the active agent, but the nascent oxygen, 
which is liberated by the .iction of the chlorine upon the 
moisture in which the water is decomposed, according to 
the formula as follows— 

Cl 2 +n .,0 = 2HCl+0. 

The hypochlorites act in the same way by the decom¬ 
position of the liberated hyimchlorous acid into hydro¬ 
chloric acid and oxygen, according to the formuk— 

IIC10 = HCl-f0. 
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Tho a.am(^ iiction holds j^ood- from whatever source the 
chlorine is deriveil, whether hy lihcratioti from blcachin^!; 
powder or its direct pi'odiictioii yi the hlca<diing liquid hy 
any Ilf the methods of olecti’olysis which ai’O now in use. ‘ 

Although there are other hleaching agents which miglit 
he employed, still the one most generally in nsi' is bleach¬ 
ing ]mwder made» by the absorbeid. action of lime upon 
chlorine giis. The exact composition of bleaching powder 
is uncertain and variable. 

When calcium hydroxide, Ca((fll),. is acted on by 
chlorine it appears a.s if the obvious action would be 
a.s follows:— 

Ca{011)„ with (1-1 ('aCI(0Cl)+H_,0. 

According to this resiction the bleaching powder would 
result from the substitution of Cl for one of the Oil groups, 
and the removal of the li of the other as H.,0, this atom 
of H being exchanged for Cl; but this reaction would 
necessitate the calcium hydroxide absorbing nearly an 
equal weight of chlorine, whereas there is never more than 
half this quantity present in the bhiaching powder. It is 
ditiicult to ascertain the exact quantity, except as an 
average, because so much of the lime is entirely unacted 
on. In the solid state, when in perfect condition, the 

OCl 

/ 

composition may bo represented roughly as Ca , but 

\ 

Cl 

when dissolved in water it has the normal composition 
of a hypochlorite which corresponds with the formula 
Ca(C10i,. 

Preparation of Bleaching Powder Solution.— The 
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solution must be made in the cold, and },Teat ^aro exercised 
that there is no rise in the temporatnro, or decomposition 
sets in rapidly. The po»’dcr, as takoif from the cask.s, mitst 
[le bri.'keii op so as to contain no lai-gc or hard lumps, and 
the solution, which i.s usually ^irepared in stone troughs or 
cisterns, must be allowed*to stand to deposit any nndis- 
solved particles, because if these are deposited on the yarn 
or cloth, they will not only destroy the coloun'ng matter 
blit attack the fibre also, and convert some of the cellulose 
into oxjf-cellnlosc, which will cause defects in the dyeing by 
reaction with the dye stuff. The sf.rength of the. solution 
employed is usually varied to suiU the pur|>ose for which 
it is inleiulcd, but seldom c.vceeds 2J° li. 

Preparation of Cloth for Bleaching.—The goods are 
lirst V et out w'lth hot water and then plaited and laid out 
in a pile and allowed to stand twelve or fourteen hours. 
This produces decomposition in the size and renders it 
rcrm.'-'abie in the wa.sliing proces.s before liming. This 
washing must bo thorough, so a.s to keep the lime kiers 
clean and prevent kior stains. The kiers must bo lime- 
washed in every part every few' weeks to prevent any 
possible contact of the goods or yarn with the iron of the 
kier, and so avoid iron stains. Some firms use the kiers 
alternately for liming and alkalinating, and thus keep them 
in the best possible couditicn. 

Process of Bleaching. —In the bleaching process there 
are usually five stages:— 

1. The yarn or goods arc steeped and then boiled in 
lime water, which dissolves out or changes the unchanged 
organic substances such as pectoses into compounds which 
can readily yield to the after treatment. The lime water 
is prepared by mixing J cwt. of quicklime with 100 gallons 
of water, and passing the mixture through a sieve. 



236 


COTTON FIBRE 


CllAI'. 


The yarn* or cloth is tlicii trailsfcri'cd to the bowking 
kier, which is a largo enclosed iron boiler, having a false 
bottom which is driKed with hole*. A pipe fixed into this 
false bottom rises vertically from the centre, and reaches 
about three-ipiartei'S n]> the fenti’e of the kier. A cowl to 
deflect the water downward ovef the goods is jihuicd on the 
top of the pi|)e. t'foths are placed on f he false bottom and 
the kier then filled with the limed goods packed close, until 
they leach nearly tlie same height as the stand pipe. The 
goods are then covered over with cloths and the water run 
into the kier until it covers the goods. The iid i.s then 
fastened down and high-pressui’c steam turned into the 
bottom of the kier until the water boils. In conseipicncc 
of the weight of good.s on the fal.se bottom, which olTei's a 
greater resistance to the npwaril passage of the water than 
docs the oiien jiipc which passe.5 up from beneath the false 
bottom to the level of the goods in the upper division, the 
boiling water is projected up through the central tube and, 
spouting over the goods, jiasses down through them into 
the space below the false bottom, and so the boiling 
liquor is kept under pressure, in constant circulation, for 
several hours, according to the character of the charge. 
The kier is fitted with a loaded safety-valve, as the pressure 
must be from 40 to 50 pounds per square inch. 

It is essential in all kier processes that the liquor 
entirely covers the goods, so as to prevent any possible 
contact with the oxygen of the air, which, either in the 
liming or alkalinating process, would cause faults or tender¬ 
ing in the goods. 

2. When the liming is complete the goods are thoroughly 
washed, and special care must be taken to prevent the 
lime drying on the goods, otherwise it will be almost im¬ 
possible to remove it, and the goods will be damaged. 
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They are then treated with a solution of hydrechlorie acid 
2" R strength, and left covered U]) in a wooden vat for 
about half an hour, and then thoroughly washed with 
water. The use of sulphuric in place of hy<lroehloric 
acid is very objeelionahle, as the sulphate of liuns is 
insohible, and will fix on rtie goods, and defy removal by 
washing. 

.1. A solution is now prepared by boiling 10 lbs. of 
rosin soaj) with about 3.') lb.s. of soda alkali in twenty 
gallons of water for about six hours. This is diluted 
with eight times its own volume of w.ater, and this solu¬ 
tion, along with the goods, is ph^ced in a similar kier 
to that used in the first process, and boiled for about 
twelve hours under a pressure of from 40 to 50 lbs. as 
before. I., is es.sential for good bleaching that this process 
must be carefully attended to, as it prepares the fibres for 
the after treatment H'ilh the chlorine by removing the last 
traces of oily matter and cell-contents. The goods are 
then thoroughly washed with boiling water to remove all 
the rosin and soda. 

■1. When this wa.shing is completed the goods are 
steeped in a freshly made solution of the bleaching powder 
of a strength of I!., and left alone in a dark place for 
about an hour, or steeped for about six hours in a weaker 
solution of the bleaching powder, about Jrd B., and then 
thoroughly washed in water to remove the reagent. It is 
essential that the bleaching solution entirely covers the 
goods. 

5. The washed yarns or goods are then treated again 
with a dilute solution of hydrochloric acid 1° B. strength, 
and left exposed to the air for half an hour or .steeped for 
several hours in a more dilute solution of the acid, so as 
to remove the last traces of the chlorine, which would 
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otherwise weaken tlic filirc of the cotton, and are tlien 
again tliorouglily waslied and may then he dried. 

Strength of Yarn after,Bleaching. —When tlie 
ojieration of hlcaching is jiroixirly conducted, witli the 
alkali, hlcaching li(|Uor, and acid of the best strenglli, and 
the goods properly washed, no-weakening will take jilace ; 
on the contrary, -they are rather strengthened, and the 
cause is probably the same as in the mercerising jirocess— 
that hydrolysis has taken place the same as in mercerising, 
and the shrinkage of length has been comiiensatcd for by 
a feeding and thickening of the fibre. 

O’M oil determined the strength of both warp and weft 
before and after bleaching, and gives the following as the 
result:— 


STKKNtiTH OK liLEACHED AND UNliLEACHED YARN 


ClasH of Yam. 


No. 1 Cloth weft 
No. 2 Cloth warjf 
No. 3 Cloth warp 
No. 4 Cloth wai'p 


A\era}<e Wt'ijilit to break u Sirtgb* Thrca*1. i 


Beforw Uloacbiitg. 

After Bleaching. 

— 


1714 grains 

27S5 "rains 

3140 „ 

2020 „ 

3407 „ 1 

3708 ,, 

3512 „ 

4025 .. 


The weft is increased in strength 62 per cent, and the 
warp on the average 9 per cent The astonishing result is 
the great difference between the increase in strength of the 
warp and weft. He does not give the counts. 
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Wax, Oils, and Fat. -- The fibres yf every class of cotton 
liavc associated with them, either as a protective agent, 
on the surface, or hetwecn the layers of which the cell-wall 
is compos id, a certain amount of oily matter, which dries 
up into a wax, and also a large amount of oil is always 
contaiped in the seed, the extraction of which has become 
a 1 irg- industry. 

The quantity of the oil contained in the seeds and the 
fibre varies with the seasons and with the degree of ripeness 
of the boll. Large quantities of cotton-seed oil are ex¬ 
pressed from the seeds after the jiroccss of ginning is com¬ 
plete, and the presence of this oil, to a more or less extent, 
in the cells and on the surface of the fibre, is the cause why 
an elevated temperature is essential, especially in fine 
spinning, in the rooms where the spinning of the cotton 
is carried on. 

As the temperature falls, the oily wax tends to become 
stiff and gummy, and prevents the proper drawing out of 
the fibre during the spinning process, while its presence 
between the thin walls of the lamina forming the tube of 
the fibre, tends to give greater elasticity to the fibre and 
render it less liable to sudden rupture. 
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Tho griifhial drying up of the more volatile portions of 
this oil ill the fibre, leaving the remaining portion thicker 
and stiller, may also and probably does account for the fact 
that is quite well known to sjiinners, that new crop cotton 
works bettiw and makes less waste than as the season 
iMlvance.s, and which the anthoi has often heard expressed 
in the words :—Jfcw crop cotton ha.s “ more nature ” in 
it than the old crop. 

Upon the presence, also, of this oily wax depends the 
“setting” procCB.s, which all cotton yarns require after 
they arc spun, in order to increase the strength and take 
away the curl produced liy the twist in the thread, a 
process which, in the case of single yarns, is called “ con¬ 
ditioning,” and is usually accomjilished by keeping them 
for some time in a cold and moist place, where the natural 
oil and wax becomes stifl'and dry after the high temperature 
to which it has been subjected in tho spinning rooms. 

In the case of yarns for doubling purposes this is 
accomplished by subjecting them to a high temperature in 
a close box under steam pressure before being doubled into 
the twofold yarn. This process of steaming darkens the 
colour of the yarn, and specially where Egyptian cotton is 
used; and to retain the light colour it has been fotind that 
by dipping tho yarn, in tho crop, into a cistern of cold 
water, by the process of submerging the skips for about a 
minute, and then allowing the surplus water to drain out, 
tho colour is not darkened, and the yarn, when dried 
slowly for a few days, becomes completely “ conditioned,” 
and can be used for doubling, as the curl is entirely removed. 
The length of time required to condition yarn varies with 
the counts and the amount of the twist, but it must be 
sufficiently long to enable the fibres of cotton, which have 
been subjected to torsion in the spinning process, to 
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HCfluire a iiermanont “set” in the new posftion wliich 
theii' substance is forced to assume in tlie thread. In tlie 
douhlin" process the two ar more single* tliroads are passed 
tlirough water, and in order to lay the fibre all one way 
beneath a pot weiglit I'csting upon a strip of cloth from 
beneath which it pas.ses on tft the spindle. 

A part of the setting pi’oces.s also depends upon the 
subsidence of the eleeliieal excitement which is induced in 
the fibre by the friction to which it is subjected in the 
process of manufacture. This electrical excitement is 
often very great in dry frosty weather during winter, and 
.specially in combed yarns, where the fibres are mechanically 
drawn out through the teeth of the combing cylinders, 
this e.xcitement causing the threads to assume a wild and 
hairy i’pp< arance, arising from the mutual repulsion of the 
indiviiluai fibres, and which is oidy removed by leaving the 
yar n fin- some time in a moist place such as the comlition- 
ing ro mi. This electrical action is sometimes so strong 
that it gives shocks to the machine attendants, and sparks 
(■an lie drawn from the frame of the combing machine by 
placing the knuckles or finger-tip close to it. The best 
cure is to connect the frame of the machine with a copper- 
wire to the nearest gas-pipe. 

When the cotton has been gathered, and the more 
volatile portions of the oil dried up, there always remains 
associated with it, and usually on the surface of the fibre, 
a peculiar wax which has received the name of cotton wax 
from Dr. Edrvard Schunk, F.RS.,’ who first discovered and 
investigated its properties. J’rom the fact that when this 
wax is perfectly pure it is (juite insoluble in alkalies, while 
it is readily so in alcohol or ether, it has been assumed 

^ Uitnchcsltr Literary and Philosojihical Society, vol. iv. 

Third Series, p. 95. 


R 
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tliiit the witx is really deposited on the surface of the outer 
sheath of the fibre ; and when the cotton is subjected to 
the action of lint 'liquid in the. bleaching and other pro- 
cessc.s this wa.v is simply melted and removed mechanically 
from the surface. When subjected to the action of strong 
alkalies, the natural oils and fats of the fibre arc saponified, 
and may be collected by afterwards neutralising the result¬ 
ing liquid with sulphuric acid. 

The wax is composed of:— 


Carbon . 

80-38 per cent. 

Hydrogen 

14'51 

Oxygen . 

. 5-11 „ 


lOO'OO 


The composition of this wax appears to difi'er slightly 
when derived from different classes of cotton, but the 
above is the average derived from American cotton. It 
fuses at a temperature of ISO'S' F., and solidifies at 179'6'’ 
’F., while the wax derived from Dhollerah (Surat) cotton 
has the same melting-point, but does not solidify until it 
has reached 177'8° F. 

Both these waxes bear a resemblance to ccrocine, a wax 
prepared from the leaves of the sugar-cane, and the 
Carnauba (Cori/iilia cerifmi), the composition of which is 


given as follows : — 

Suxar Cane 'Wa.x. 

ftarnauba 

Carbon 

. 81-00 . 

. 80-36 

Hydrogen . 

. 14-16 . 

. 13-07 

Oxygen 

4-84 . 

6-57 


100-00 

100-00 


Dr. Schunk prepared this wax by boiling 500 lbs. of 
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middling Oilcans cotton spun into 20’s yarn, ^0 as to 
remove all mechanical impurities, in a strong solution of 
soda ash for 71 hours. 

'J?he result was a dark brown liipior which, when heated 
witlf sul])huric acid, precipitated a light brown flocculent 
matter which settled to the bottom of the vessel, and was 
separated by filtration. When dried and in.s})issatcd, a 
brittle horn-like mass was obtained. American cotton 
yielded about OMS per cent, and Surat cotton about 0'34 
per cent. This i.s given because the author found that the 
i|uantity of matter jirecipitated varied in different kinds of 
cotton, and also from year to year from the same kind. 
'I’he oily wax, therefore, apparently being a variable 
qnantily will no doubt affect the sjunning qualities of the 
cotton in different seasons, and also the chemical reactions 
afterwards, and necessitate different treatment to a certain 
extent ii. the preparation for dyeing. 

Ale. g \vith this wax there is also a fatty acid, which is 
white and solid, and which hy analysis has been proved to 
be identical v’ith margaric acid, which has the formula 
There seems reason, however, to believe that 
this body is really a mixture of two other fatty acids, 
probably stearic acid, . COOH, and palmitic acid, 

. coon, but the quantity obtained from even a 
large weight of cotton fibre is so small as to prevent their 
being crystallised out for specific investigation. 

Colouring Matter. —Associated with many cotton 
fibres, especially Egyptian, there is always a certain 
amount of colouring matter which exists in the form of 
endochrome, and is irregularly distrihuted in the fibre and 
mostly contained in the walls of the fibre immediately 
surrounding the inner cavity or lumen. In Egyptian 
cotton this is always sufficient to give it a decidedly 
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reddish-iJrown or golden colour, but becomes whiter in 
direct suidight. Also, it becomes darker when exposed to 
moist beat, such as in the steaming process preparatory to 
doubling. 

This colouring matter is sobible in alcohol and destroyed 
by oxidising agents, but its exact composition dees not 
appear to have 1/cen detcrminetl. 

Dr. Schunk, in the pa])er above referred to, made a very 
careful examination of the colouring matter associated with 
American and East Indian cotton, and found that it was of 
two kinds, one of which is readily soluble in alcohol, and 
which ho called A,, and the othei-, which he named B, 
soluble in boiling alcohol. These two substances gave the 
following ultimate analysis:— 



A. 

1). 

Carbon 

. .is-so 

.57-77 

Hydrogen . 

6d-2 

6-05 

Nitrogen 

CT8 

8-74 

Oxygen 

29-40 

27-44 


100-00 

100-00 


lie remarks: “ It will be seen that the composition of 
the substance varied, especially as regards nitrogen, much 
more than it ought to have done supposing it to have been 
absolutely pure. In consequence of the amorphous nature 
of the product it is difficult to determine whether the 
Indian and American cotton contains two distinct colouring 
matters, both easily soluble in alcohol, and having the 
same general physical properties, or whether in one or 
both cases the specimens submitted to analysis, though 
e.saentially the same, were not chemically pure. It is 
difficult to obtain, in a state of prn'ity, an uncrystallisable 
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resinous liody liaviiig few cliuracteristic properties, and tiie 
results arrived at liy tlie examination of. such bodies arc 
seldom satisfactory.” l'’roui this it maj*h(! infciTcd that, 
as regards their chemical jji'oiicrtics, tliese colouring 
matters jiossess little interest, exccjit the fact that being 
colouring m.attei's and the effuse of the yellow or brown 
tinge natural to cott<in, makes .a knowledge of their pro¬ 
perties desirable from a jwacticiil point of view. The 
darker slnide of colour seen in the “ Nankin ” cotton is 
prohali!\ due to an excess of these colouring matters 
exi.sting in the fibre. It is certainly not caused by oxide 
of iron, since the Jish of this kind (jf cotton contains no 
more ii-.m than that of ordinary cotton, and the colour is 
for the most part removed by treatment with caustic 
alkalies 

In s<'me samjiles of dark Egy])lian cotton the author 
detesied distinct traces of iron, some combination of which 
with c.giinic matter nniv bo the cause of the very dark 
shade of coloiir. 

Unchanged Cell-Contents. (Protoplasm and Pec- 
toses.) —From the recent researches in dyeing it seems 
not improbable that cellulose, as it exists in the cotton 
fibre, is able without any mordant to enter into union with 
reagents or colouring matters, .so as to form compounds 
which are sufficiently stable to resist the action of water 
and other solvents in removing them, although it cannot 
be said that we have sufficient knowledge of them to 
determine whether they are true combinations in the same 
sense as the union between acids and alkaline Ixtscs. 

This probably arises from the fact that no cotton fibre 
is perfectly pure cellulose, as it always contains some of the 
unchanged primary sugar-like carbohydrates which exist 
as protoplasmic juices or sap, before the first deposition of 
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cellulose on the cell-wall. It is prohivble that only in very 
few fibres is the change of tlie whole of the cell-contents 
into cellulose comiJetely effected, and it is tbesii untyans- 
formed and unstable compounds which aic the active 
agents in such combinations and not the fibre its(df. The 
analysis given on page 147 shows that there is 'seldom 
more than 90 per cent of pure cellulose, and if the organic 
parts of the fibre only were taken, and unripe fibres, which 
are found in larg<! numbers in every boll, included, not even 
as high as this. According to Mangin, the ])aitition wall 
formed in the highest ])lants, during cell-division, consists 
almost entirely of pCctose; the next-developed lamina:, the 
secondary cell-wall layer, of a mi.Yture of pcctose and 
cellulose; and the last-foimed, or tertiary layer, almost 
entirely of cellulose. If the secondary layer of the cell- 
wall, as in the ca.se of the developed cotton fibre, remains 
unligiufied the amount of pectose increases with age, and 
tends to strengthen the primary cell-wall. In addition to 
pectose and cellulose there is also present another allied 
body—callose, which is insoluble in cuprammonium solution, 
and is coloured an intense blue with aniline blue and red 
with rosolic acid. The presence of this callose in the 
tertiary layer probably accounts for the resi<luum undis¬ 
solved when the fibre is treated with cuprammonium, as 
seen in Fig. 40. 

In the earlier stages of the cotton fibre the eell-contents 
are similar to those contained in the juices of all unripe 
fruit, comprising a mixture of orgainc bodies to which the 
general name of pectose is given, and which has a so far 
undetermined composition of carbon, hydrogen, and oxygen 
with various organic acids such as malic, citric, oxalic, 
tartaric, and tannic acids which give a peculiar roughness 
and astringency to the juices. This is very marked when 



CHEMISTHY OF THE COTTON iTJiRE 


247 


iin unripe cotton boll, especially in its eai/y fitiiges, is cut 
across and tested. Tannic acid, t', i.s always present, 
and must bo specially no^ed, as it giv^s a strong coloured 
reaction witli iron salts which are used in the production 
of ink and of slate and other colours iu dyeing. 

Tectose itself is (phte in*alublc in water, but during the 
changes which occur, under tiie action of suidight and air, 
and in associatioT\ with the vegctoble acids, it is converted 
into a definite pectosic body, j)ectin, which 

readily di.ssolves in watei' and gives a viscous solution. As 
the ripening proceeds a further change occurs, and the 
pectin is transformed into pectic acid an<l 

pectosic acid which are soluble in boiling water, 

and give solutions which, when cooled, yield viscous jelly- 
like bodies. These changes seem to occur in the unripe 
juices of the cotton fibre concurrently with the production 
of cellulose, and can be obtained from infusions of all 
unr.pe fibres. 

it is not improbable that in bad seasons where there is 
deficiency in sunlight, a change of these organic acids into 
sugars and other less chemically active bodies does not 
occur, and this may account for the weakness of the fibre, 
since, if left in the fibre unchanged, they may act upon the 
ccllulo.se and destroy its tenacity by the usual action of 
these acids, whereas rvith sufficient sun they undergo 
change by absorption of oxygen and evolution of C0„, as 
for example;— 

t’,4«A.+ Hs» + 120 = C„H,^0„.p8C0,; 

Tamiiu Acid. Fruit Sugar. 

or .10 H„0, -t 30 = C,,H, ,0, -t 3H„0 -f GCO,. 

4 () fi It 12 C 2 i 

Tartaric Acid. Fruit Sugar. 

The acids in both cases being transformed into fruit sugar 
as occurs in the ordinary ripening of fruit, the acidity and 
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astringeiicy. btoonie less as the boll advances towards 
maturity. 

It does not appear to the author that sufficient attention 
has been paid to these residual products from an industrial 
point of view, lie was struck, when invesligatinj; this 
subject, and using the bolls taken from the cotton p'anls 
grown under glass under h.is own eye, with the wide 
difference, even in two contiguous bolls, in regard to the 
degree of ripeness and the number of fully matured fibres 
which were seen. There is no doubt, also, that the 
ripening process is really continued after the fibres arc 
plucked from the boll, and that the drying up of tlu! juices 
which are contained in the unripe fibres, when removed 
from the seed by the ginning jirocess, even after being 
packed into the bale, renders them inoic fit for use than 
when just gathered; and also that the mechanical process of 
ginning, by making an intimate mixture of filires from all 
parts of the boll, tends to average the degree of maturity 
and ripeness in all parts of the bale into which they are 
afterwards packed. 

Nitrogen in Cotton Fibre. —Associated along with 
the cotton fibre there are also small quantities of nitrogen 
amounting on the average to about 0‘345 per cent, but 
varying in different varieties of cotton, as the following 
table shows:— 


NITHOGKN CONTENTS OF COTTON FIliUE 


American (Orleans) 
Sea Island 
Bengal (Surat) . 
Rough Peruvian . 
Egyptian (white). 

„ (brown) 


0'30 per cent. 
0-34 „ 

0-39 „ 

0-33 „ 

0-29 „ 

0-42 „ 
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There is reason to believe that the quanCty.of nitrogen 
varies in difl'erent years, because analyses made in America 
show a considerable diffjirence in thjs respect, and arc 
gb’on for Upland cotton as maximum, 0’54; minimum, 
0*20; average O’.'M.' 

This nitrogen probably .forms part of the albuminous 
matter which was found by ]>r. Schunk«to be contained in 
the fibre, and it probably arises from the ])resenco of the 
unchanged ])rotoplasm irhich, as seen above, remains as a 
ccll-cnntcnt in the unripe fibres. In some cases it probably 
arises from, or is increased by, the existence of nitrates 
derived from the soil along with other mineral constituents. 

Mineral Constituents of Cotton Fibre-— The mineral 
matter usually consists of phosphates and chlorides of 
potash, t ala, and magnesia, small quantities of lime, and 
the sulphates of these bodies in combination with the 
various organic constituents of the fibres. 

T he mineral constituents were quantitatively examined 
by hr. Ure, and he found that in a sample of Sea Island 
cotton they amounted to very nearly 1 per cent of the 
weight, and yielded, on analysis, the following results :— 


Per cent. 


Carbonate of potassium 

. 44'80 soluble in water. 

Chloride „ 

• 9-90 

Sulphate „ 

• 9-30 

Phosphate of lime 

9'00 insoluble in water 

Carbonate „ 

• 10-60 

Phosphate of magnesia 

■ 8-40 

Peroxide of iron 

. 3-00 

Traces of alumina and loss 

. 0-00 

100-00 


’ Bulletin No. 33, U.S.A. Dept. Agricultnie, 1896. 
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Tliese I'esiilts were olitained from cotton after scutching 
anil carding, and therefore all mechanical imjiurities, such 
as sand and other iidhcring matU*r, would ho removed. 

A more recent determination is that hy Davis, Dreyfiis, 
and Holland,’ who, after deducting the sand, analysei! tlic 
unclcansed fihre, A portion of twelve difl'ci’cnt varieties 
of cotton were taten and hurnt to a white ash at as low 
a temperature as possible. The ash was then collected, 
mixed, and analysed with the following rosidts :— 


Carbonate of potassium 

Per cent. 

. ;i.'i'22 soluble in water. 

Chloride „ v 

. 10-21 „ 

Sulphate „ 

■ 10-02 „ 

Carbonate of sodium . 

■ 0-05 „ 

J’hosphato of magnesium 

8 70 insoluble in water. 

Carbonate „ 

• 7-81 „ 

„ of calcium . 

. 20-26 „ 

Peroxide of Iron 

. 0-40 „ 


100-00 


The same analysts also conducted a series of experiments 
to determine the amount of ash arising from sand and 
mineral matter contained in different classes of cotton. 

The samples were taken out of bales immediately upon 
their arrival in Liverpool, and therefore before undergoing 
any cleansing process, and these gave the following results:— 

ASH FOUND IN UNCLEANSED COTTON 

Dharwar (Sural) . . 4T6 ]>er cent. 

Dhollerah „ . . . 6’22 „ 

Sea Island . . . . 1'25 „ 

^ Sizhuj and Mildew in Ckiltati (Joodn, p. 16. 
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Peruvian (soft) 

. P68 "[ler cent. 

„ (rough) . 

.. 113 „ 

Bengid (Surat) *. 

•. 3-98 „ 

Broach (saw-ginned) 

. 3-14 „ 

Oomawuttee . • . 

■ 2-52 

Egyptian (brown).' 

. 1-73 „ 

„ (white) . * . 

.* 1T9 „ 

Pernambuco 

■ ICO „ 

American . 

. P52 „ 


It will be seen from those figures that some varieties are 
very low in ash, such as Sea Island, rough Peruvian, and 
white Egyptian ; while others of them, and specially tlie 
Surat cottons, are very high, as in Dhollenth cotton, where 
large ijuantities of sand were mixed with the fibre. The 
author found that the quantity of dust and foreign 
matter found in the cotton from the bale varied greatly 
in dilieront seasons and in the same class of cotton. 

As a rule the ash should not much exceed 1 per cent, 
and if it does the excess will probably bo mechanical 
impurities, and can be removed by the scutching process. 

The variation in the mineral constituents of the cotton 
fibre, during indifferent yeiirs, is clearly indicated in the 
following table extracted from the U.S.A. Agricultural 
Bulletin, No. 33, page 90, taken during three different years. 


[Tablk 






252 


COTTON FIBRE 


CHAP. 


MINERAL CONSTITUENTS OF COTTON FIIIUE 
TakA' in Diffbukht Years 











! WiiUt 

Asli 

Nitro- 

lihnrip 

Pntabll 

Idlin' 


Class of Cottuii. 

js'r 

)»*r 

tJflllMT 

acnl 

1H‘I 

pui 



cent,. 

1 

font. 

cent. , 

• 

imr 

OMlt. 

cejit. 

CClll. 

cent. 

Upland Cotton . 

' 



O'll 

0-28 

016 

0*03 

; 1-72 



0'07 

0-44 

0*12 i 

0'12 



\ -riO 


()'06 

0-41 

o-n 1 

0'03 

Kca iKlaiid 


1-31 


()'16 

0-28 

O'] 8 ' 

0'06 



1 *00 


0*17 

0 36 

0'26 I 

0-02 

Upland Cotton. 

! 

1-00 


0-09 

0'4H 

0 11 1 

0'03 


1*14 


0'04 

0-47 

0-07 

O'lO 


r!?b 

0-54 

0-06 

0-44 

O'll ' 

0'03 


. 6-72 

1 '50 

0'28 

0-07 

0*64 

0'16 1 

O'll 

,, 

6-77 

]'80 

0-20 

0 05 

0-85 

0'15 

O'lG 

Minimum. 

4-72 

0'9:i 

0-20 

0-05 

()'28 

0'07 1 

0'02 

Maximum 

6-77 

1'80 

0T>4 

0-18 

()'8.5 

0-48 ' 

0*17 

Average . 

6-07 

1-37 


o-io 

0-46 

0'19 : 

0-08 


According to Calvert, cottftn samples from different 
countries contained ])hosi)horic acid, HPO.,, soluble in 
water as follows 


Kgyptian . 
American (Orleans) 
Uengal (Surat) . 

Cartliagcna 

Cyprus 


0 055 per cent. 
0-049 „ 

0-055 „ 

0-027 „ 

0-043 „ 

0-050 „ 


Water or Aqueous Contents of Cotton Fibre.— It 

will be seen from looking at the formula for the simplest 
expression of cellulose that the hydrogen and oxygen atoms 
are present in the cellulose molecule in the proportions to 
form water, as will be clearly seen if we write C,,Hj(|Oj as 
Cj(H„0),. It is known, however, from many of the re- 
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actions that this is not the form in whit:h the atoms are 
arrangetl, anil it therefore appeal’s that any moisture vihich 
is usually associated wjith cellulose,, under ordinary con- 
Mitions, is not an integral portion of its molecular stnicture, 
but simply mechanically associated, or present as water of 
crystallisation along with +hc mineral impurities, or as part 
of the liipiid cell-contents, tir else in •some very fcchle and 
hitherto unrecognised form of chemical combination, along 
with the cellulose itself, as water of hydration. This is an 
important point, because it must he remembered that along 
with the cotton fibre there must always be more or less 
water or moisture present. 

In the new cotton crop this is more abundant than when 
the bales have been left for some time in a dry warehouse, 
so that any water which is only mechanically associated 
has had time to evaporate; and there is strong reason to 
suppose that in some instances, both in America and other 
countries, the fact that the water costs little and weighs 
much is not altogether forgotten. 

A|)art, however, from any addition of water with 
fraudulent intent, there is always a certain quantity present, 
which passes off when the cotton is exposed in a loose 
condition in a room or warehouse at about 60° F. This 
quantity varies with the seasons from 1 to about 8 per cent 
in the new crop, and rather less as the season advances. 
Above 8 per cent of moisture, however, seems to be an 
excessive quantity, even in new crop cotton; and when more 
than this it is either the result of a wet season and the 
cotton having been packed without drying, or else it has been 
artificially added. Some authorities have contended, like 
the editor of the hidvm Textih’' Journal, that cotton will lie 
much closer in the bale and resist wear and tear of transit 
much better if packed in a fairly moist condition, and be 
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lietter for spinning jiurposes. This may, however, po-ssibly 
Ix! so, for if the fibre when packed is too dry, the ripening 
j)rocess in the bale" already spoken of may not take 
place, as a certain amount of moi.stnre is essential for the* 
change. * 

When by natural drying tlip o.\cess of moisture, is 
removed, however, there is still a further ijuantity which 
evaporates off wh(!n the fibre is subjected to a higher 
temperature. This amotint may be looked u])on as 
essential and not artificial. It forms, in fact, what is known 
iia water of hydration, which secm.s to be associated with 
the fibre and united to it in a kind of feeble chemical com¬ 
bination, and depends p?obab!y upon the same cause as 
that which enables fibres to attract and retain colouring 
matter, or absorb gases in large proportion, comiiared with 
their own volume. It may, however, partly arise from 
water absorbed by those constituents which are removed 
iis water e.vtract by boiling, and which are far more 
hygroscojiic than the fibre itself. If this water is removed, 
by subjecting the fibre to a high temperature, it is not 
speedily replaced when the fibre is left in the ordinary • 
conditions of temperature, and the fibre, until this water is 
l eplaccd, always presents a hard, harsh, and wiry feeling, 
and looks wild and hairy. 

In order to test the quantity which this water of 
hydration represents, the author e.xposed a number of 
cotton samples for some weeks in a room where the 
temperature was maintained at a heat of 60' F. Upon 
subjecting these samples to a temperature of 212° F. he 
found that they lost from 6 to 8 per cent; and when they 
were replaced in the same room for some days they 
gradually regained all the weight which they had lost, 
showing that the fibre possesses the power of attracting 
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moistiiro from tlie atmosphere when drier-^han the sur¬ 
rounding air. This degree of attraction varied with the 
hygrometric condition of tjic air. 

' Ah pi'actical spinners have exj)erienced tlii.s, on the 
large scale, when the dry cast wind has been replaced by 
a moist south or south-west wind; and the yam in the mill 
has weighed heavier, althouglrno alteration has been made 
in the change wheels which determine the counts in the 
spinning. In the same way, when damp weather has been 
succeeded by dry or frosty weather, the yarn has come 
round lighter, to an extent viirying from an almo-st imper- 
ee))tiblc (piantity up to 5 per cent. 

When the same s.amples rvere subjected to a higher 
temperature than 212 ° F., viz. 240” F., a temperature so hot 
and dry as to only just prevent the yarn from being singed 
or charred, a further quantity of moisture was lost, varying 
in addition to that lost up to 212' F. by about 0 to 7 per 
cent. The fibre, therefore, if raised from its normal 
temperature uj) to the highest j>oint before chaiTing 
will lose 12 to 14 per cent of its weight. This wo may 
consider the limit of the moisture, including this 0 to 7 per 
cent of water of hydration, and when this is all driven off', 
and the fibre placed in the usual condition, it never, except 
artificially watered, quite regains what it has lost. About 
2 to 3 2 )er cent seems to be due to the drying up of certain 
cell-contents, which have not the power of replacing the 
moisture. Another cause may also be in operation, viz. 
a change under the action of the heat of the wax and other 
oleaginous matter, which on being inspissated assumes the 
form of a resinotts rather than W'axy body, as, if the wax 
is dissolved from the fibre and then heated, it can be made 
(juite hard and brittle. With elevated temperature, there¬ 
fore, this protecting wax becomes far more impervious to 
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moisture, and^prolably also cements firmly together the 
cellulose layers of which the cell-wall is composed. Some 
chemists have siipppsed that the,power of the cotton fihre 
to attract moisture depends cntiiely upon the tuhul'ir 
structure of the fibre, so that it is only an instance of 
capillary attraction; but the fiw;t that, if we precipitate the 
cellulose h orn its •solutions‘in an ammonio-cupric-oxidc 
solvent, the amorphous jelly, which can have no capillary 
attiaction, also possesses this property, militates against this 
view, and seems to indicate that it is a true chemical 
affinity. 

The question of the quantity of water which is normally 
pre.sent in cotton is of great commercial iraporUince, and a 
standard has been adopted now by all testing-houses which 
differs by only } per cent from the above results, which 
were obtained by the author in 1882 and published in his 
work on the cotton fibre, and this extra J per cent is 
probably allowed, so that the standard may appear not 
so exacting to the seller and reasonable and fair to the 
purchaser. 

In these testing-houses the weight taken is usually two 
to three pounds, and this is dried in a specially constructed 
oven, as will be seen in Fig. 49, arranged so that the 
yarn oi’ cotton can be weighed when in the hot atmosphere 
of the oven, and the drying process noted as it proceeds. 
The oven shown in the figure is one of those in the 
Manchester Chamber of Commerce testing - house. The 
wire basket in which the material to be dried is placed is 
suspended in the oven by the wire depending from the 
beam of the balance. The oven is heated by gas, with a 
double lining up which the hot air passes, and fitted with 
a thermometer, so as to retid the temperature. 

The following table shows the standard allowance of 
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moisture adopted for cotton and other materials in 
Manchester and Bradford;— 

TAliLK Of WATER"ALI.OWANOK 


MtlliTtlll. 

Muticlicntci. ^ 

in ltd ford. 

.. 

JK‘I CCIll. 

|>i*r end. 

Raw (Milton . 


u 

('otton yai n . 

Hi 

Hi 

AVoihteii yarn 

I8| 

18| 

Canied vvoo]I(mi yarn 

17 


To]w coirdK'd willi oil 

Tops conibed witlioul oil 

17 

IS) 

17 

n 

Noils .... 

17 1 

14 

Scoured wools ,. . 

17 

1« 

}1(MU)> and lla.v 

V2 

16 

.) utc .... 

\n 

16 

Slioddy yarn . 

V.i 

16 

Sill .... 

la 

16 


The above standards have been accc])ted by all testiri}' 
houses in Great Britain, the Continent, and America, and 
no other compctinj' standards can be said to exist. 

Keferring to the quc.stion of the temperature at which 
yarn should be dried, the bdlowing is copied from the notes 
on testing issued by the Manchester testing-house, and may 
be taken as authoritative: “The standard is based upon 
what is known a.s the ‘llegain system,’ whereby it is 
supposed that if 100 |)arts of absolutely ilry cotton be 
cxjiosed to the ordinary conditions of the air, parts of 
moisture will be absorbed. The drying temperature, to 
which the cotton is subjected when in bulk, is from 
212° F. to 230" F. This regain is not, however, strictly 
8| per cent regain, because absolutely dry cotton becomes 
8§ heavier by exposure to air, then 

108|:8J:: 100:7-834, 
which represents the percentage of gain.” 
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Iteferonce ]ias been made to the excepflon* sometimes 
taken to the drying of the cotton at 212“ F., the tomirerature 
adopted by the testing-hor^e (Manchestjjr); and since this 
is h most vital part of the drying process it seems advisable 
to’state furlber wbat is to be stjid for and against such a 
standard. It may at once be said that this temperature is 
some 10“ or 15' F. lower than'that tised^it the largo Con¬ 
tinental conditioning-houses during half a century, and it is 
not clear how the testing-house came to adopt 212“ F, 
.Since, ho«'over, objection is never made in this district 
.against drying at low temperature we need not consider 
whether 212° F. is too high a tem^ierature. The jtrocess 
of drying is an artificial one, and has been adopted, not 
because it attemjits to take out the moisture without 
alter'ng other conditions, but because it is a ready means 
of reducing the weight to a fairly constant condition. It 
mn-st be understood that cotton will lose water at all temper- 
atui'i s Uj) to the point of charring, but there is a wide range 
of temperature above and below 212“ F., where the loss 
■ncreases very slowly with the temperature, .as wall readily 
be, seen from the fact that if cotton has otice been healed 
fora few hours to about 160" F., further heating to even 
220° F. will oidy cause a further loss of moisture of about 
5 per cent. We speak of cotton as “ absolutely dry ” when 
dried at 212° F., though in one sense it may be said that 
moisture is still contained in it; at any rate it will lose 
moisture if heated still higher. 

The length of time necessary to dry samples is 
frequently stated; for such rough methods as those 
under consideration throe hours is sometimes given. 
With any properly constructed oven a much less time 
than this should be ample, so long as the sample does not 
exceed one or two pounds. 
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There are 'herious objections to exteniliiig the time of 
drying, for instiuiiie the increase of woiglit known to follow 
protracted heating of fibres. (The cause of this does not 
seem to be exactly known, unless at that teniperutUre 
heating causes oxidation ,of some of the constiUients of 
the fibre.) 

Weighing tbe taraple aft'er leaving the oven is anything 
but reliable, making the exact re.sults a matter of chance. 
If the sample be weighed immediately after it is removed 
from the oven, it causes an upward current of air at 
the side of the scales, thus giving the weight too light; 
and if left to cool before weighing, it will absorb moisture 
from the air and W(!igh too heavy. No guess can be made 
at correct results, and the proper alternative i.s to use such 
ovens as those at tlu! testing-house, where the weighing is 
comhieted within the hot atmosphere of the oven. 

The following table shows the effect of drying at 
different temperatures. Two lots of yam were dried for 
about three hours at about 160" F. The details of the 
test are as follows :— 


[Tabu 
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'I'lmF. 

Stimplij I. 

al lire.* 

8uii)]ili' 11. 

TcnipHr- 

ature. 

• 

• * 

• 

lift. o/s. tlrs. 

• 

ll)F. 07,H. Ol'h. 


1 “JJO (bufoie (Iniiiij) . 

2 7 a 


2 7 14 


27 (liiiriug . 

2 -1 7 .'. 

154''F. 

2 4 13 

Ui2"I''. 

,2-17’ 

2 4 1 

155" 17 

2 4 11 

I(i2''F. 

■ 2-HO 

2 

150"» 

2 4 84 

l.WF, 

i»'r» 

2 3 10 

158" F. 

2 4 o' 

152”F. 

.‘,•19 

2 3 II 

100"F. 

2 4 ^ 

1.72° F. 

' 3-28 

2 3 II 


2 4 54 

1.711" F. 

37.0 

2 3 81 

159" F. 

2 4 54 

158° F. 


2 3 8', 

iruS"F. 

2 4 4i 

1.78" F. 

; Mojsil UJC LOhT AT 11)0" K. 

9-.t7 . 

per ceiit 


8-97 
jHT cent 


4*37 Mnriii^ tlrviii"). 

2 3 7,i 

ytO" F. 

2 4 4 

1811“ F. 

' 4*1« „ ^ . . 

2 3 

200" F. 

2 4 24 

208“ F. 

i 4-I: 

2 3 r. 

214" F. 

2 4 1 

213°F. 

; 

2 3 r. 

214'‘F. 

2 4 1 

214° F. 

‘ Jlofsrt TK J.OST AT 212'F. 

10-25 
per cent. 


9-50 
per cent 


5’30 ((lurinj; 


2 4 Of 

230" F. 

1 Mi.i-'iURK i.osr Ai 230'’F. 

1 



9-00 

per cent. 



The tciiipeiiitiiri! was raised to 230" F. at 5')2: 
iieitlier of the samples showed any sign of scorching or 
discoloration. 

Conclusions.— That drying at 160" F. is a process 
reiiuiring at least two hours’ exposure, under the best 
possible conditions, and when the sample does not exceed 
2 lbs., the difference between drying at 160“ F. and at 
212“ F. seems to be that the latter process gives from 0 5 to 
0'75 per cent more moisture or apparent moisture. If the 
samples had been dried at 212“ F. from the commencement, 
not more than forty minutes would have been necessary to 
give a constant weight. 

It is clear that drying at 230" F. in a properly constructed 
oven has no scorching effect. We may add that if the 
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tumperatHr'o ot drying is accidentally less than 160“ F. the 
process is seriously retarded. 

There seems to bii no reason for drying at a lower 
temperature than 212° F., hut every reason for adopting 
this or a slightly higher tomperatnre. 



CHAPTER XI 

STRENGTIi ANT) VAIUTyrV IN COTTON FIBRES 

I'TtOM an industrial point of view, one of the most im- 
[)ortant points in any filire is that it must [rassess a certain, 
Hid as far as possible, a uniform, strength when subjected 
to lent ion. This is necessary because, when made into 
yarn, and specially where used in making warps, the 
tension upon the yarn is often very great, and failure 
arifing from the irregularity in strength produces defects 
in the goods which may render them unmerchantable. 

As the strength of the thread ultimately depends on the 
strength of the individual fibres of which it is composed, 
it is of importance to see the .strength of the fibres of 
various classes of cotton, and the variation in the strength 
of fibres of different degrees of development. The strongest 
fibres, as may be expected, arc those which are fully 
developed and most robust. 

Every boll of cotton contains fibres in every degree of 
development, and in this respect they seem to vary con¬ 
siderably in different parts of the boll. 

As a rule those fibres always appear to be most perfect 
which, from their position on the boll, have come most 
under the influence of the sun and air, while those parts of 
the boll which lie underneath, and have been shaded and 
263 
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enclosed, preseiU tlie largest mmiber of undeveloped fibres 
and abnormal growjtlis. It would have been interesting to 
liavc instituted a series of experiments to determine the 
stroigth of fibres of diflereut degrees of develo|im,ent and 
ripeness, but it is impossible to do this. The same result, 
however, is no doubt obtained'by taking fibres at random 
out of any individiial boll, tlie fibres of wbicli seem, after 
examination under the microscojie, to present an average 
number of these fully matured and well developed. 

Strength of Individual Fibres.- - The following are 
the results of the testing t'f a number of individual fibres 
of Surat, Amencan, and Egy])tian cotton, each of good 
<|uality, which were taken at random from a small sample 
of each class of cotton, and tested on a lever machine with 
a sliding weight, which was specially constructed for the 
author. These samiilcs, before testing commenced, hatl 
been exposed in a room to a temperature of fiii' F. for 
twenty-four hours. 


[Tablk 
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STRENGTH OF SINGLE EIliKES OF CoTTON 


MkaX IJimAKINI, StIIAIN in (WlAINS 


— 


• 

— 

1 No. of 
j E\J'fTiin(’riL. 

Kgyptiiiii. 

Anienciiti. 

Smin. 



• ] 

140 "lahis 

88 grains 

108 grains 

1 2 ' 

100 „ 

J50 ,, . 

104 „ 

! 3 

98 ,, 

114 

180 ,, 

' i 

1:30 

99 „ 

102 „ 

! 5 1 

183 ,, 

125 ,, 

158 „ 

'> ! 

85 .. 

85 

99 

' 7 i 

152 „ 

102 „ 

178 ,, 

8 ! 

128 

MO „ 

160 ,, 

1 ‘ 

97 

92 „ 

104 „ 

10 

114 

116 „ 

12:3 ,, 

’ ” i 

128 

98 •, 

114 „ 

12 1 

79 

104 „ 

105 

! 

85 

172 „ 

184 ,, 

14 i 

110 

154 

102 „ 

15 ! 

154 „ 

130 „ 

108 ,, 

‘ 16 1 

104 ,, 

102 „ 

94 „ 

17 

98 „ 

OB ,, 

172 

IS ^ 

138 ,, 

IBS „ 

103 „ 

1 19 1 

150 

123 .. 

108 „ 

20 

83 

!G „ 

154 

1 ( 

110 

160 „ 

118 „ 

1 22 

1-10 

144 „ 

108 „ 

S 1 

79 

1C2 „ 

178 „ 

i 24 1 

15K ,, 

16» „ 

165 „ 

25 1 

170 

lfi4 „ 

113 „ 

1 j 

183 gi-aius 

172 grains 

184 grains 

1 Lowest . j 

79 „ 

85 „ 

94 „ 

! Av(Ta''B. ■ 

122 jfi’aiiiB 

128 giRins 

140 groins 


i 


This shows the great irregularity in tlie strength of 
individual fibres, and the average given is the mean of the 
whole, and not of the highest and lowest, although it is 
singular that the mean of the highest and lowest in 
the Amerioiin and Surat respectively is 128 and 139, 
which is practically the same mean as arrived at for the 
whole, while in the Egyptian it is 131, or considerably 
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higher than the mean of the whole, which indicates that 
there is in this cotton greater average irregularity. 

A similar test was made in ^mother 

year of the same 

general character, but the results rvei'c 

dift'erent, There 

seemed to bo in each of .them about the same extreme 

variation, but the average strength of 

the fibres wos as 

follows: Egyptian'lSl, Amehican BW, and Surat 143. In 
this year the Egyptian crop was very good. 

Charles O’Neil, in a paper contributed to the Manchester 
Literary and Philosophical Society, gives a number of 

experiments, which ho made to test the 

aver.age strength 

of difl'crent classes of cotton, which 

he arranged as 

folIow.s:— 

Mean Breaking 


Strain. 

Sea Island (Edisto) . 

83'9 grains 

Queensland (Australian) . 

147-6 „ 

Egy|)tian .... 

127-2 „ 

Maranham .... 

107-1 „ 

Benguela .... 

100-6 „ 

Pernambuco .... 

140-2 „ 

American (Orleans) . 

147-7 ,. 

„ (Upland) . 

104-6 „ 

Surat (Dhollerah) . 

141-9 „ • 

„ (Corai)tah) 

163-7 „ 


It appears, therefore, that certain classes of Surat carry 
the highest weight, and next in order follow American, 
Australian, Brazilian, and Egyptian, while Sea Island 
comes last. He makes the average strength of Egyptian 
considerably greater than the author did in the first 
tost, as given in the table, but less than the second, also the 
Orleans cotton is stronger, but the average of the Orleans 
and Upland is 126, which closely agrees with the author’s 
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result, 12 s. The average of his Surat is 152‘against the 
author’s 140. , 

To make a fair compajison of the relative strength, it 
is* iieeeijsaiy to compare the breaking strains with the 
relative diameters of the res]iecj;ivc fibres, when it will he 
seen •that the lihre which xiarries the highest strain has 
also the largest dianictor, 'ami, therefore, the largest 
sectional area to resist the strain. In proportion to the 
sectional area, how'ever, the Egyptian cotton is relatively 
the strongest of them all, because, while its diameter is 
only 0 0000015, or j -of •'‘'t '“ch larger than 

the Sea Island fibres, it carries 43-f^grains more, and while 
it is 0-000189, or ^-.ths of an inch smaller in 
diameter than Surat, it oidy carries 36-r) grains less. In 
proportion to its diameter it ought to carry considerably 
less than it does, for if the fibres were perfectly round and 
solid, the Surat would have very nearly twice the sectional 
area of the Egyptian fibre, which should therefore only 
carry about 82 grains, whereas it carries 127 grains. 

It follows from a simple mathematical law that the 
strength of the fibre will vary with the sectional area of 
the tube walls, and those fibres, where the ripening process 
is complete and the deposition of cellulose layers carried 
on until the central cavity becomes a mere point, will 
present the greatest resistance to any force which tends to 
tear the tube in sunder, as well as prevent the creasing 
of the fibre and the collajising of the walls, which are often 
accomiianied by a breaking of the walls and fracture of the 
fibre. 

This is the usual experience with other materials. If 
a ribbon of paper be taken and stretched perfectly parallel 
it will, even if only very thin, carry a considerable pressure; 
but if the pressure is thrown unequally on one side it rends 
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immediately, fof tlie alightest tear in the edge causes it, 
instautly, to slit aci;oss. So with the fiatteiied, thin, unripe 
cotton fihres. The .attenuated Mjalls of tlie tube oiler no 
auj)port to the edge, and ru|)turc is the result, of the 
slighte.st pressure; while in the full mature and riptmed 
fihres, the thicker and dmi.ser w.ills resist the collapse of the 
tuhe and tend to (fljuidiso thh strain all round. In hreak- 
ing a fibre under the microscope it is not easy to say which 
part gives way fir.st, Imt from a numherof experiments the 
process seems to he as follows. 

Fracture of Fibres. -rAVhen subject to tension the 
walls have a tendency ^to collapse, and since no fibre is 
l)erfectly round, they always, when subjected to longitudinal 
strain, tend to depart more and more from the cylindrical 
•shape. When the flattening j)roecss has gone so far as to 
obliterate the whole of the central opening, the extreme 
outer structureless pellicle seems to suffer rujUure first, and 
the inner parts of the tube seem to slightly extend and 
draw out, and then the wdiolc completely severs. In some 
large fibres, and specially after the cotton had been 
nitrated, the inner walls seemed to indicate a distinct series 
of cellular layers, the ends of which, one within the other, 
remained in the form of fibrous masses with a ragged 
edge. Dyed fibres, where the nature of the colouring 
matter tends to form small crystals within the central 
cavity or lumen, are easily fractured, because although the 
fibres are not directly weakened by the action of the dye, 
when the cell-walls are forced in liy the tension they come 
in contact with the edges of the crystals, which cut the 
inner wall, and from this lesion the fracture quickly 
extends and the fibre ruptures. 

It has been seen in the foregoing chapters that, even in 
the same boll of cotton, there is a very great degree of 
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variation in regard to the length, diamet»r, strength and 
degree of rijieness in the individual fibres, and that all 
these various eharact,eristics depend u|)on conditions which 
aVe to a large extent (apart from the specific nature of the 
tilii-es tiiemselves, which is derived from the character of 
the i^ied which is sown) diyiendent on external intluenees, 
and especially those which iwe cliniativ in character, such 
as rain, sun, and air, and the variation in the seasons and 
relative freedom from disease, or the ravages of insects, 
both of which dill'er frotn season to seasoti. In some 
seasons, and specially where the cotton has lieen jiacked 
damp, the (ihres are attacked liy a fttngus growth, a form 
of niyceliitm, the spores of whicl* etitering the lumen or 
central space of the filires, germinate there in the form of 
lotig spiral threads, which wind rotmd inside the tube and 
feed upon the unchaitged jitices and the cellulose walls, 
ami this leads to tendering atid, finally, to the complete 
destruction of the fihre. 'I’liese spind threads have often 
heen mistaken hy niicroseopists for spiral strticture in 
the fihre walls, Init careful examination reveals the 
differeitce. 

For technical purposes the utmost regularity is desirable, 
ljut all who are engaged in the cotton trade know how 
different the cotton is in all these characteristics, and the 
difficulty which is experienced in always making the same 
()uality of yarn. It is interesting, therefore, to examine 
the differences observable as 

Variation in the Character of Fibres from the 
same Plants grown in different Years.— It is a well- 
known fact that botanists are able to determine the 
character of the various seasons, during the lifetime of a 
tree, by the nature of the rings presented in the trunk by 
the section of any exogenous or dicotyledonous tree, the 
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space lictwpen, the rings being widest in those seiiBons 
where ahiiudancc of water and heat lias stimulated the 
development of the woody fibres, whereas in dry seasons, 
when the growth of the plant has been cheekeil, the 
distance between them is smaller. In the same way* a 
good or had harvest, either of <;ereals, leguminous plapts or 
fruit, is the resultant of the<sutii of the rain and sunshine, 
heat and cold, and other meteorological eomlitions with 
which the plants have been favoured or against which they 
have had to contend. 

Cotton is no exception. Some years are distinguished 
by good and some by had crops, and as might naturally be 
supposed, the years when the crop is most abundant are 
also distinguished by the (piality of the cotton being 
generally the best, because the same conditions which 
favoured the production of a large ipiantity of bloom also 
favoured the ripening and maturing of the fibres. 

Mechanical Variation in different Seasons.— All 
who are ])ractically engaged in the manufacture of cotton 
know that tiie fibre of the cotton in one year frequently 
differs from that of another in many important particulars. 
During some seasons it is much drier than in others, and it 
also differs to a marked degree in the quantity of natural oil 
which is associated with the fihi'e, and this has undoubted 
effect upon the spinning properties which it posse.sses and 
the relative strength of the yarn. This natural oil imparts 
a kindness and su))plencss to the fibres in working, and 
prevents the drying up of the cell-w'alls until they become 
hard and crack, while its absence imparts a degree of 
harshness and want of pliability to the fibres which very 
naturally interfere with the ease with which the fibres can 
be manufactured into yarn. 

The above changes, which vary from season to season, 
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may be considered as relating to the iiicch»nic;^l structure 
of tho fibres, and interfere with its size, such as length and 
diameter, and also with its strength, wfiich is often very 
marked, from season to season, so that in some years it is 
foilnd impossible to olrtaiii yarn of the same strength as in 
the smison before without going to a considerably higher 
classiheation of cotton foi’ the finq)ose of spinning the same 
counts of yarn. 

Chemical Variation in different Seasons.— These 
variations are ([iiite as much marked as those which all'ect 
the physical properties of the fibres. Those changes afl'ect 
the degree of absorption in tlnr fibiri for liiiuids by altering 
its dialysing properties, arrd rdso tire natur-o of the cell- 
contents. 

Wlten the changes turd gr’owtlr of the fibre, in a good 
season, arc com|iIote, as in the case of all the perfectly 
mittured and ripe fibres, all the acid turd astrirrgent jrrices are 
per-fectly changeil irrto cellrtlose, callose, strgar', or oil, and are 
therefore riettfral to the vtirioiis dyeing arrd other materials 
with which thrry are aftoravarrls inpregnatcrl during the 
dyeing and frrri.shirrg processes, wheretis, when the want of 
sun arrd excess of moisture has prcventrrd the full matrrrity 
and change, these various bodie.s are ottly partiidly formed, 
while those which are unchattged remain itr the fibre arrd 
act as reagents, and especially in regard to the tannirr-like 
astringent substances, which give a distinct chemical 
reaction with nrany metallic salts, such as thrrse of ir-oir. 

One season some years ago, when very fine Egyptian 
yarns were being used in tho Bradford trade, and the run 
was principally upon light and delicate shade.s, the author 
was called in to more than one arbitration, where individual 
fibres and masses of fibres had turned black ^r dark shade”*'" 
in all those colours where salts 0 ^ iron yf 

T 
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(lyeiug jir/)ce»s, ;ind from thi^ appearance of tlie dark 
colouritig matter in the cell-walls of the individual fibres 
there was no doul)t that this defect arose fi'om the pres¬ 
ence of tannin, or some such allied body, in tin; juices* of 
the fibir’p, and which, from the want of sun and prevalehce 
of mists durino the growino si^ason, had nevei; been 
changed into neutral bodias, and they therefore entered 
into combination with the iron salts ami gave these dark 
shades, which it was impossible to remove out of the yarif, 
before dyeing, by any of tin; usual processes of washing and 
cleaning of the yarn ))rpparatory' to dyeing. The next 
season, with the same shades and goods, the defect hardly 
ever occurred, and it fiad not done so, under the same use, 
during the season before. The “ kempy ” structure, in 
which the fibre apitears to be. built up in such a manner 
that it forms a. solid, apparently structureless mass, in 
which the part of the fibre so all'octed does not seem to 
be possessed of absorbent <jualities, also is much more 
abundant some seasons than others, and also the coarser 
varieties of cotton, such as Surat and rough Peruvian, 
seem to be more liable to this defect, which seldom occurs 
in Egyptian or Sea Islaml. 

The chemical changes in the fibre being the means 
employed in building up the cell-walls, it will easily lie 
seen that if they arc not accomplished, many of the 
mechanical (jualities must necessarily' also suffer, and it is 
observed that it is always in the same seasons where the 
chemical defects are apparent, that the mechanical faults 
such as deficiency in strength, want of length, and 
unformity in staple, so that it does not draw out with 
a “square edge,” always occur, and therefore there is 
'Ore difficulty in spinning and more waste made in the 
The aDove chafactn* Strictly speaking, no two cotton 
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crops are exactly the same, and each reiptires almost a 
distinct ditf'ereiicc in inanipniation. Fortunately, cotton 
lieing grown over such a w'idc area of the eaj'th’s surface, 
the crops are seldom had ones in every district, and the 
spinner c*aii, therefore, at the commencement of each season, 
obtain a.variety of cottoia of dillerent grades to mix 
together and so miniimisc those variation* The diflerenecs 
in the character of the cotton lilires during different seasons, 
from the same plants, arc not so great as the specific 
differences which arise from the variation in the character 
of the fibres which are obtained fjxini different species of 
cotton, and which arc grown in different countries. In 
sidecting cotton for manufacturing purposes these specific 
differences are of great imiiortance, and it is therefore 
necessary that an examination of these should be carefully 
made and noted. 

. Difference in Fibres grown in different Countries. 

-Generally there is a family likeness in all cotton fibres, 
from whatever country they come, but these characteristics 
are mollified by the sjiecial climatic and other conditions 
pertaining in the various countries, and which are sufficient 
even to alter the character of fibres grown from different 
species. 

As classified by the length of the staple the cottons may 
be arranged as follow's 

1. Sea Island, including Australasian and Australian 
cotton. 

2. Egyptian cotton. 

3. Brazilian and South American States. 

4. American grown in various parts of the United 
States, Sea Island excepted. 

5. East Indian or Surat cotton, including Burma, the 
Straits Settlements, China, and Japan. 


T 
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1. .S>,f Jxlfiiiil mttoii is thfi most jierfect form of cotton 
fil)re, and plays the .same pait in the cotton world th.at the 
long-stapled Australian wools do in the worsted trade. 
For length of staple, small diameter, general excellence, 
silkiness, and uniformity in length and strength,' it stands 
unrivalled, and, grown as it is, in a aomi-tropic.".l climate, 
where great extremes of teihpcraturc during the cotton- 
growing season are almost unknown, it always comm.ands 
the highest price and cjui he spun into the fiin'.st numbers. 
The proportion of fully developed fibres in relation to the 
whole number in the. boll is the greatest, aiid the fibres 
usually jiresent the appearance of a rounded and well-fed 
structure, with thickened edges and high lustre, which 
probably arises from the fact that since the cell-walls are 
so thick and firm, the outer pellicle is fully distended and 
presents fewer wrinkles and creases on the suiface than 
any other. The fineness of this cotton may be judged 
from the fact that it has been spun into counts as fine as 
2150 hanks to the pound, so that one pound of this yarn 
would be upwards of 1000 miles in length. 

Fig. 50 shows a few of the characteristic fibres of 
Sea Island cotton magnified 180 diameters, in which the 
general perfection and lustre of the cotton are clearly seen. 

2. Egjiptmn mtimi stands next to Sea Island in pos¬ 
sessing all the most desirable qindities, and since the 
introduction of the combing machine, which enables the 
irregularities in the fibres to bo adjusted by the removal of 
all which fall below a cerUiii standard of length, it has 
been used in the production of the finer numbers of yarn 
up to 200’s. 

Egyptian cotton is also usually distinguished by a 
golden or brownish yellow colour, which arises from the 
presence of an endochrome associated with the cellulose 
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which forms the coil-walls. The introduction oJ American 
seed into Egypt has produced a white vaijety, which never¬ 
theless, although grown in the,same soil and under the 
same conditions, docs not fully partake of the host (jualitics 
of the Egyptian cotton, hut retains, many of those which 
are jieculiar to the American.* There are always associated 
with Egyptian cotton, and .s])ecially at flic tajiored end of 
the seed, more or less of the short fibres, already mentioned 
as existing in the holl and forming a sort of undergrowth 



Flu. 50. -Fibres of Sea Island (.'ottoii. x 180 diameters. 

to the longer fibres, and these short fibres coming off in the 
process of ginning, render the general character of the 
fibre less clean and necessitate a more careful attention 
in the carding process, though they are entirely removed 
when the fibre is combed, than when American cotton is 
used. If loft jn the sliver these shoH hairs, which are 
usually associated together in small clusters, form what 
are called “neps,” which appear on the surface of the 
thread when spun into yarn. Those short fibres were 
shown in Fig. 41. 
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Tlioro ai)))eiirs to tie a (iitlei-eiK-c, in difloi-ent years, in 
the ijniuitity of tliis uiidcrgrowtti, and also in different 
lots of cotton ^rown in ^he same year. The causes uiani 
which it depends are not known, Imt it is always present 
more or less. It seems also that a smaller (luantity of 
these shorter tihi'es are removed when the "in. used is a 
)’iill(ir-i;in than when a Macati-thy gin i.s emjiloycd. The 
saw-gin is ne.ver used for Egyptian cotton, on account of 
the great damage which it does to the fibre. 

It has already been seen that Egyptian cotton, in 
proportion to its sectional area in the fibre, i .5 considerably 
strongei- than American, oi' indeed any other cotton, and 
as it possesses a sdkinoss of stirface and suppleness in a 
high degree, being in this resjiect almost eijual to Sea 
Island, it is used for the large mass of single yarns which 
lies beyond the range of American cotton, but tvhich must 
be |iroduced at a price loss than if Sea Island was used. 
The white Egyptian seems to be less affected by variations 
in the ,sea.son than the brown, and this greater uniformity 
in yield has tended to extend the cultivation of the white 
against the brown variety. Similar counts of yarn, spun 
out of American and Egyptian cotton respiictively, when 
evamined under the microscojie, seem to differ considerably 
in character, arising from the differences in the two fibres. 

The Egyptian cotton lies closer, the fibres themselves 
being more ffoxible and capable of turning a sharper angle 
with less disturbance of the molecular structure of the 
fibre and less tendency to rupture. On account of the 
less diameter of the fibres, the threads of the same counts 
ai'e finer with the same twist in—that is to say, less in 
diameter, and yet possess an equal weight of material and 
a larger number of fibres in the cross-section of the thread. 

The regularity in the individual fibres of fully ripe 
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Egyiitiiin cotton is also greater than in any other class 
of cotton, and this alone is a great element of strength, 
because the fibres arc more eveidy distributed in the yarn 
and tfie ability to carry strain therefore, more uniform. 
The brown colour rendei's the cotton less available for 
mi.'.ing with other cottons, and as it varies also in difl'erent 
seasons great care has to lie exercised* when new crop 
cotton conies into I he machinery to prevent shadiness 



Flu. 51.—Fibres ol Egyittiaii Cotton (Urown). x 200 (banietcrs. 

arising from this cause ; and care must also be taken at the 
beginning of each season to see, in the case of warp yarns, 
that the warping bobbins are run down or cleaned off 
altogether, so as to prevent the yain of one season being 
mixed with that of the nex-t, or otherwise stripy places 
are sure to apjiear in the goods, and this effect can only be 
removed by giving a full bleach to the yarn before dyeing, 
as it will show even with black when the goods are finished. 

Fig. 51 gives an illustration of Egyptian cotton fibres 
taken from a sample of good brown Gallini, and this may 
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be coin]*!ir,e(] with Fig. 52, which reijreseiits the fibres of 
wliite Kgyjitiaii. 

3. Bnizilkin iir I'enmn nilhm, which stands next to 
Egyptian in point of length and other characle'ristics, 
forms a convenient connecting link between' it and 
American. It possesses in some respects many of the 
((ualilies of the former, but it does not possess the same 
regularity either in length or diameter of the fibres. Some 



Kkj. 5a.—Fibres of Egyptian Cotton (White), x aOO diameters. 

classes of this cotton, such as rough Peruvian, have a 
harsh wiry feeling, and, tvhile having considerable staple, 
have a strong, well-develojiod fibre. Whether it is from 
the nature of the conditions under which it is grown, or 
the variability of the climate, it is subject to great 
variations from one season to another, and the lots are 
often only imperfectly ginned and mixed with portions of 
broken seed. Too great stress cannot be laid upon the 
necessity of care and attention in this respect in the 
district where the cotton is grown, as the breaking up of 
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the fibre or the seeds to whicli it is attached renders the 

« • 

cotton far less suitable for tbc high class of manijmlation 
which is now demanded, and when* these avoidable 
imperfections are added to the freijuent irregularity of 
the fibr5 arising from natural causes, they jiresent great 
difficulty jn the use for teeljnical pui'iHjses. These rough 
cottons add a peculiar loftiness to the^arus into which 
they are sjiun, arising from the more rigid chai’acter of 
the fibres, which, unlike Egyptian, cannot easily be bent 
in small curves, and this gives fulness and considerably 
increases the elasticity of the yarn. 

Some of the I’eruvian Maceo and Ceaia cottou.s, 
liowevei’, take a high position, both in the goneial 
perfection of the atajde and the general regularity of the 
fibres, and are largely used either by themselves or along 
with high-class American in the lu oduction of yarns where 
the American staple is too short for the counts, when spun 
by itself, and Egyptian too dear in the white quality and 
t( 0 highly coloured in the lower-priced brown. 

Brazilian cotton very closely resembles the white 
Egyptian, except that it possesses a more robust fibre, 
v'hich reaches its maximum in the rough qualities. The 
general appearance of this cotton is given in Fig. 53. 

f. Aimrinm cnlhm, such as is grown in the fertile 
regions forming the south portion of the United States, is 
the typical cotton fibre, the “ King Cotton ” about which 
so much is said, and which forms at present by far the 
largest part of the world’s cotton crop. Its general 
uniformity, the skill with which it is grown, gathered, and 
cleaned, with the exception of the almost exclusive use 
of the saw-gin, make it pre-eminently “ the ” cotton fibre. 

The excellence of its spinning qualities, within the 
range of counts where by far the largest quantity of yarn 
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is requirod,, and the ahundaiice which is obtained make it 
the leading cotton of the woi'ld. It is subject to variations 
from year to j-car both in regularity of staple and strength 
of the fibres, but in a country which stretches froib the 
Now England States to the (lulf of Mexico, ami from the 
stormy shores of the Atlantic flccitn wc.stward to the foot 
of the Rocky Moiwitains, suclm thing iis a general failure 
of the crop has hardly ever been known. The rapid 



Kio. 53.—Fibres of Bnucilijui (lotion, i *200 diameters. 

advance in population in the United States, however, 
renders it certain that a larger portion of this crop will 
be required year by year for home consumjttion, and 
emphasises the necessity for increasing the cotton-growing 
capacity of other parts of the world, and especially in 
British territory, so as to secure an abundant supply for 
the growing requirements of the United Kingdom. 

When examined under the microscope, as compared 
with Egyptian cotton, its pure white colour and transparent 
character strike the eye at once, as do also the coarser 
nature of the fibre and its less general uniformity in 
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diameter. Wlieii examined in the yarn these charijcteristies 
give the thread a more loose and less solid eharacter, as 
though the general structure of the fibres was more rigid 
and less yielding than Egyptianimt more so tlian IJra/.ilian, 
and in t^e fracture of the fibres the elasticity is less. Its 
usual .soiuidness of .staple ajid the freedom of the cellulose 
from both mechanical and»,chemical impurities render it 
eminently fitted for the production of all classes of yarn 
and gomls where colour, regularity, and good wearing 
ilualities are desirable. It is the cotton out of which 
the vast class of goials for domestic use are made, and it. 
jiasses through the various processes noeessary in its 
conversion from the raw state intef the finished goods, 
whether plain or Voloured, with les.s trouble and difficulty 
than any’ other hind. Its wearing charactei' may bo 
substantiated by the fact, that when made into the ropes 
u.scd for the transmission of power in textile factorio.s, it 
is found that those made from good American cotton 
t.ear bettci- and last longer than those nnule from any 
other ipiality. 

Fig. 54 gives a microscopical view of fibi'es of gocal 
American cotton where the general features of this class 
arc clearly seen. 

5. Surat or Ea4 hulinn rolkm stands last in the order 
of cottons. It possesses the shortest average stajdes, and 
is the coarsest in its nature, although there are some 
classes of Surat which have a comparatively fine staple, 
and reach their highest development in what are known 
as Berars and the Hingunghat of the Central Provinces. 
The fibres under the microscope present the apjKiarance 
of well-marked twisted tubes, but they seem more 
frequently to be variable in the thickness of the tube 
walls and in the tendency to produce “kempy” fibres. 
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The sljol'tness of the staple, and the large amount of 
fine sand and other mechanical impurities associated with 
this class of cotton render it relatively more wasteful 
than American in the process of spinning, The variability 
of the Indian climat(!, in regard to rainfall and drought, 
makes it as a rule less’ reliablp in general character than 
.Vmerican, but in iavourable seasons either by itself, or 
mixed along with American, Surat jmssesses good spinning 



Fio. 54. -Filirus of AmeiicjiTi Colton, x 130 diameters. 


i|ualities and makes a full, solid, yet lofty thread, as might 
be expected from the robust character of the fibres. If 
properly attended to in the early stages of its growth and 
in the ginning and packing processes, there is no difficulty 
with suitable machinery in making first-class yarn and 
goods from it. Attempts arc now being made to cultivate 
the Tree Cotton {Gostypeuni n’ligiosmn) in India. This 
cotton is perennial. The tree is probably of Brazilian 
origin, where it is cultivated, and yields a coarse fibre used 
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for mixing with wool, but under cultivation jt can be 
made to yield a staple suitable for spinning into both warp 
and weft. The, tree is reported as very hardy, and when 
once' planted continues to bear cotton for many years 
without attention, and stands both drought and frost. In 
India it.is usually found iji the precincts of the temples, 
and the cotton is used for ujuking garments for the priests. 



Fkj. HD. -Filires ol'Sural i)f finUttn (!oitoa. 170 iliiimeters. 

and wicks fur the lamps used in the temples. Hence its 
name rdiijwaam. 

Fig. 55 gives a microscopical view of good Surat cotton 
and the robustness of the fibre; and the reason why it 
resists torsion, and as a consequence makes a full thread, 
is seen in the strength of the cell-walls and the relatively 
few number of twists. 

There are a large number of different classes of cotton, 
each with distinctive features, and called either from the 
districts in which they are grown or from the ports from 
which they are exported, and each of these is found to be 
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specially ajlapted for making'—cither hy itself or as a part 
of a mixing—special classes of yaiTi. 

'i'h(! following tiihlc gives the siiccial iianies of the 
various classes of cotton onlinarily used for inaniifactitring 
processes, and for which ])rices are daily (pioted'in the 
Liver|)ool and IVIanchcstci' Marled. Apjiended to.thein in 
other coluiiiiis are the species ,of cotton from which they 
are grown, the district whei-e they ai'c cultivated, and the 
average length of the longest staples, as well as the counts 
into whicli they fire usually spun and for which they are 
specially ada])led. These can only, howcvc.-, la; taken 
as generally correct, because within recimt years non- 
iTidigenous cotton seed has been usml in all countries, with 
a view to im])ro\e the staple or generuJ. ijuality of the 
fibre, and new varieties have been introduced, especially 
in the United States, as the result of cross fertilisation, 
which do not ap))ear liere ; and also many new districts in 
all parts of the British Empire within the cotton zone are 
now, under the auspices of the British Cotton-(Growing 
Association, growing cotton from diflerciit qualities of 
seed which are found last adapted to the locality, and 
these are not yet officially ipioted. 

The various qualities and varieties of cotton are 
arranged in this table in the order of the prices which 
they nsually fetch, and this table may be profitably 
compared with the list issued daily by the Liverpool 
Cotton Brokers’ Association. 

The improvements in cultivation, the careful atten¬ 
tion which in certain districts has been paid to the 
feeding of the soil with artificial manures, and the crossing 
of the native with fort'ign seed, so as to secure a plant 
which will thrive well in the climate and yet possess more 
valuable properties than the native cotton, have greatly 
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increiLsed thi; value of many of these varieties jin^ rendered 
it possilile to spin them to higher counts than here given. 
The number might lie inerea.sed, but those given may 

serve as a_guide for tlie selection of cotton for any given 

« * 

p\ir|><)Kc. 
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CHAPTEi;, X!J 

STliENfiTlI AND TESTING OF YAKNS 

Tlin strength niid variiifion in tlie form of individual fil)rcs, 
although of greiit Scientific interest, lias not the same 
industrial importance as the (|uestion of their united 
strength when they are associated together as fibres forming 
the structure of a thread, because single fibres are not used 
in any manufacturing process. 'The appearance of the 
Hbres under the microscope lias already been seen, and also 
the chemical composition of tlie fibre, and the variation 
which is introduced into the fibre hy irregularity in the 
climatic conditions from year to year, and by those arising 
from the siiecific diflercnces in the various sjiccies of cotton. 

It now remains to see 

How far these Variations in the Ultimate Fibre 
may affect its Use in the Manufacturing Process, 
Mechanically and Chemically. 

'I’liis is by far the most important part of the subject to 
technologists, because whatever knowledge may be gained 
in regard to the constitution and composition of the cotton 
fibre, the great object of the investigation must, from a 
practical view, be to s«e how far this knowledge will assist 
in throwing light uiion the processes and manipulations 
which are daily used in the manufacturing process, and how 
ass 
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far it may assist in ai raiigiiij; these processes, so as Jx) reach 
a higher standard of excellence in the manufactured goods 
or better modes of conducting thimi, 

Foi‘ this purpose the more tftat is known of the real 
structure*and composition of the raw material the better, 
and also of the method of its action when brought into 
connection with chemicals 0114 ! other reagents, because this 
knowledge will enable the manufacturer to guard against 
the imperfections, either in the yarn or goods, which arise 
from the variation in the mechanical or chemicid structure 
of the raw material, and so either prevent or remedy the 
results arising from it. 

It is well known how frequently api*irently inexplicable 
imperfections are continually turning up in finished goods, 
and how difiicult at times it is to decide the (Xiuses from 
w hicn they arise, and thoise who have had to encounter these 
difficulties will at once appreciate the necessity for careful 
investigation of all possible causes, and the synijitoms which 
they variously exhibit when examined under a closer vision 
and scrutiny than can usually be obtained with the ordinary 
means at the command of the manufacturer. 

Conditions of Manufacture.— All changes through 
which raw material is passed, in its transference from the 
raw into the finished state, are either mechanical or chemical, 
or a combination of the two. 

The strictly mechanicid part of the process consists in 
the selection of the raw material and its preparation, so as 
to facilitate the arrangement of the separate filaments into 
something like regular and systematic order, so that the 
threads which are produced shall have a regular and even 
appearance, a uniform strength, and •a. certain weight in a 
given length. 

If this is perfectly carried out, it will produce the same 

U 
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cliiiractenstic's in tlic woven goods, ])rovided idwiiys that 
tlie i)roc(!S8 for changing tlie yarn into cloth is equally as 
])crfect its the processes employed in sjiinning. 'J’lie power 
to do this (le|)ends on : 

1. The adaptiiUon of the fibre, to the \ise iiilended. 

2 . The degree of uniformity in the raw mateiial. 

d; The p(:rfecth>n of the m vehinery used. 

1. The completeness and adaptability of (he chemical 
processes to which the goods are subjected in dyeing and 
finishing. 

f). The thoroughness and conscientiousness of the 
intelligent supervision. 

Tlu'ee of these Conditions only come under the direct 
•scope of thi.s book, the first and last being outside the 
intention of the author, hut it may be said, in regard to 
them, that no manufactured article will be successfully 
produced at a minimum cost when the, raw material is not 
suited for the ])urjKisc, and however suitable tlu^ raw material 
may he, and however perfect all the mechaincal processes, 
none of the.se advantages, either singly or eollcetively, will 
dispense with the intelligent and conscientious oversight of 
man. 

The more raw material can be “ mixed with brains ” the 
higher will be the. standard reached and the greater the 
chance of success in competition. Special emphasis must 
also be laid upon “conscientiousness,” which may ho 
defined as the unjairchasablc heart-service which the true 
artist and workman throws into all his labour, and which, 
when it is present, is sure to make itself manife.st in all his 
works and ways. 

It has already been seen what degree of uniformity is 
presented in the cotton fibre, alike as regards length of 
staple, diameter and ripeness, and also that these variations 
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are siifficicnl to cjuise coiisiilctable diflicullv in tlie*iittain- 
inent of janfootion in tlie finished yai'ii amj goods. 

The general principles of, spinning, iivlikh are 
employed in changing cotton into t'acn, are now practically 
established* for all time, and it appears that, the method of 
drawing tin* fibres out betwewi revolving rollers running 
at different siaseds will ;dwa^ form the* groundwork of 
continuous sjiinning. Improvements in machinciy, which 
will increa.se production and render the action of the 
intichines more sensitive and unifoi'in, may from tinu! to 
time be introduced, but, when the inai'hinery is jierfect, 
there will .still remain the difficulty connected with the 
variation in the raw material. 

it is not ju'oposdd to enfrn’ into the details of the 
mechai'ical processes, because not only would it occu])y too 
much space, but it is outside the scojie of this trtaitise, and 
foi these particulars tln^ reader is referi'cd to Taggiirt’s 
i'>Uihi Sjiiimiiui, which sujrplies three volumes to this 
tcci'.nical series, where the s|)inning of cotton is fully ex¬ 
plained, and to Fox’s Mfcliiinixiii of fFeiminj, also in the 
same scri<'',. 

If the fibre.s were all pcrfectlyf unifoi-m in length, the 
machinery for cleaning, carding, combing, <lrawirig, i-oving, 
and spinning could be set to the exact adjustment which 
would be best fitted for the purpose, but with the variations 
which any lot of cotton presents all these arrangements are 
only a compromise, and as such cannot produce perfect 
work. 

The nearest perfection is attained in combed yarns,, 
where the fibres are mechanically selected by a machin? in 
such a way as to attain a perfectly marvellous uniformity 
in length, and this secures a much greater degree of per¬ 
fection in the uniformity of the yarn. Without combing 
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the only .way to attain a high degrix; of perfection is to 
secure as perfectly uniform cotton as possible, and of a 
sufficiently high grade to enable it to lie easily spun into 
the counts of yarn required. 

Care should also be taken to .sec that, as maybe judged 
by the strength of staple ip the .siimple, the .quantity of 
unripe fibres does not exceed « certain percentage, especially 
when the yai n is to be used for goods which have to be 
dyed in light shades, otherwise, as the unripe and immature 
fibres resist the action of the dyes and there are always some 
astringent and other unchanged cell-contei.ts present in the 
fibres, these are sure to interfere with the dyeing and 
finishing process, ind cause iri-egularity in their appearance. 

Early arrivals of cotton are to be avoided, where great 
perfection is recjuired, as they often contain a larger pro¬ 
portion of immature and uniipe fibres than later deliveries, 
and also the fibres ripen in the Isilc, and may be used with 
impunity later on. 

The nearer an approach is made to the limit of the 
spinning power of the cotton, that is to say, to the highest 
counts which can be spun out of it, the greater becomes 
the variation in the yarn. Hence yarn that is spun up, or 
produced from rovings designed for lower counts is always 
inferior to yarn which is spun down, or produced from 
rovings prepared for higher counts. The limit of regularity 
in spinning, even with the best machinery, seems to be 
reached when the section of the thread has less than ninety 
filaments of cotton in it, which seems to indicate that 
ordinary American cotton cannot be spun to counts much 
higher than SO’s single, although with longer staple 
and combed yams this limit of ninety filaments in the cross- 
section may lie reduced down to about eighty. 

Perfect Yam. —In a perfect yam the counts and the 
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twist woulii always Imi the same if the same length«of yarn 
of the same counts was always taken, hut in practice this 
never occurs, and every spinner knows that ^ven in the 
host qualities of single and twofoht yarns, when taken yard 
liy yard for counts, and inch hy inch for twist, there is a 
very great .variation always /ound. It is only when the 
average is taken over a very«,wid(' rangit that is to say, 
measure, and weight, and counts, over a considerable 
number of yards and inches, that anything like uniformity 
is reached in the average Taken yard by yard for counts, 
and inch by inch for twist, there is in all yarns a variation 
of above :10 per cent in both eases, while there is a 
wonderful average uniformity in both, If a hank is taken 
as the length from Inch to arrive at the counts, and a yard 
as the length from which to measure the number of turns 
of twist per inch. 

This irregularity arises in largo measure from imper¬ 
fections in manufacture, as in the spinning it is usual to 
increase the number of times the sliver or roving is doubled 
together whenever first-class yarn is to he made, and in the 
mules the yarn in such cases is always spun from a double 
roving, as well as in the card-room. 

The universal introduction, in all modem cotton mills, 
even where coarse counts arc to be spun, of automatic 
weighing of the raw material in the opening and scutching 
machines, has undoubtedly led to a much greater regularity 
in the weight of the individual laps, and thus of the sliver 
from the carding engines, and the improvements in the 
cards also in regard to the feeding of the lap and uniformity 
in the width of the carding surface, have all tended in the 
same direction, but when all is done* there is always the 
difficulty, when the quantity of the raw material becomes 
reduced down to a small quantity as in the thread, arising 
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from tlic variation in the rharacter of ttie separates fibres 
of whiesli it is coiuposeil. 'I'lie veiy improvements in 
macliinory also temb in practiee, to emphasise this, hecauses 
few spinners use a belterS'aw material than is necessary to 
sjiin to the highest counts they recpiire, ami while, there¬ 
fore, licfore the improvcmcniis in machinery were made, a 
given cotton, say American.* could be si)iin to 'lO’s, the 
same cotton can now In; spun with (apial ease up to .'id’s, but 
the raw material is not any better, and the same thread in 
go’s, while it may be as regular as the former thread in 40’s, 
has not the same strength relatively, beeat*.s<' the (piality of 
the raw material, in lasgard to length of staple and other 
qualities upon whicii its strength depends, is only the same. 
However perfect the machinery, it still holds good that to 
make good yarn good raw material must be used. With a 
view to determitie the degree of perfection to which the 
manufacture of cotton yarns has attained, the author made 
a large series of experiments with singh^ twist and twofold 
yarns, in a large range of counts and (jualities, the results 
of which are given in the tables following, atid these were 
carefully verified by comparison with recent spinnings, and 
especially in regard to the strength of individual threads 
tested siiigly. These, when the first experiments were 
mmle, had to be done, thread by thread at a time, on a 
lever machine, the same as used in testing single fibres, 
only stronger and larger, and this proved a tedious pro¬ 
cess. Now, however, a machine has been invented which 
measures the length and records the breaking strain attto- 
matically upon a chart. By this means the whole of the 
single-thread tests were made, and may be compared with 
those made per lea given in the second set of tables. In the 
single-thread tests the length employed in testing was in 
each case 12 inches, and the twist was the standard twist. 
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In the second set of tables the length taken {or deter¬ 
mining the twist was b inches and 1 inch respectively, ami 
for strength the length was lit) yardsor 1 lea,^which is the 
one-se*vcnth jiart, of the cotton hank. 

The hank in cotton yarn measures .S-tO yards, and the 
number of hanks, jier lb. weight, determine the number or 
counts of the yarn. The liandard pound is the pound 
avoirdupois = 7000 grains. Thus if one pound of yarn 
contains 840 X 20 = 1G,800 yards, it is said to be 20’s, or 
840 X 40 = ibkCOO yards, it is 40’s, and so on for any 
numlior either above or below. 

Twofold yarns in cotton are called by the counts of the 
single yarn out of which the twofold ySm is made, and thus 
a hank of ^2, weiglis the same as a hank of 20’s single, and 
the .same weight as 40’s single. 'J'ho silk hank is the 
same length as the cotton hank, and the counts are the 
same, but the worsted hank is only .bCO yai-ds, so that the 
cotton hank, which is 840, is 60 per cent longer. The 
counts differ in the same degree. 

Metric Yarn Measures.— In France and other 
countries where the metric system of weights and measures 
is employeii, the length and weight of the standard hank 
differs, because the metie is used as the standard of length, 
and is equal to .'ill-37079 inches, as against .36 inches in the 
yard, and the kilogramme is the standard of weight, and it 
is equal to 2-205 lbs, avoirdupois, and the gramme equal to 
15-43 grains. 


[Table 
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mkthk; systkm of counts 



lji*Il}»tll Ml 

j Weight ill (ifamtiK’.s. 

1 

I*- 

1000 uietifs 

1 • . 

TiOO’OOO graiiimps 

•la 

* 

j *250 000 


' 

1 10() -66 



125-00 

r,s 


1 100-00 

()'• 


! 83 

7'' 


; 7T43 



1 <i2Ti0 



: r.5-55 

10« 


1 50-00 


The metric counts No. 1 is equal to ITS British hanks, 
aud thcrefoie it is only necessary to divide the British 
cotints by ITS to f;!'’*! the metric counts, and multiply the 
metric counts hy ITS to obtain the corresponding British 
counts. 

It is very important in making experiments on the 
regularity in the counts of yarn to liave a ready method of 
finding the weight in grains of a lea, or any number of 
leas, and this is easily determined. 

One hank of cotton yarn is 840 yards and weighs 1 lb. 
which is 7000 grains, and therefore 1 lea, which is the 
seventh part of a hank, will w'eigh ‘““=1000 grains, so 
that if represents the weight in grains per lea, and C 
the counts of the 3 arn, then W x C = 1000. 


Therefore 



and 


1000 
W ' 


With these formula* it is easy to calculate the weight from 
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the counts or the counts from the weight in gi-ains of 1 lea 
or 120 yards. 

Tlic follow’ing table has been calculated in this way, and 
is given in one, two, three, and four leas, so that a' better 
average may be obtained than wheij one lea only is used. 


TAHLH OK WKIOUTS SF VAMOUS’COUNTS OK 
COTTON VAKN 


(Sunils. 

(*f DUO 


Weight nf three 

Woight r>r ff)ur 

loa 111 tcnviiih. 

1(‘UK in t^miiis. 

lejiK ni gnuiis. 

leuN ill graini*. 

1 

1,000-000 

2,000-000 

3,000-000 

4.000-000 

2 ' 

500-000 

1.006-000 

1,500-000 

-2,000-000 

a 

333-333 

666-660 

1,000-000 

1,333-333 1 

4 

2r)0-000* 

500-000 

750-000 

1,000-000 ' 

f> 

200-000 

400-000 

600-000 

800-000 1 

(; 

166-666 

333-333 

499-999 

666-666 i 

7 

142-857 

286-714 

428-571 

571 -428 

K 

125-000 

250-000 

375-000 ■ 

500-000 

9 

111-111 

2-22-222 

333-333 

444-444 

10 

100-000 

200-000 

300-000 

400-000 

11 

90-909 

181-818 

272-727 

363-636 

12 

83-333 

166-666 

250-000 

333-333 

U 

76-923 

153-846 

230-769 

307-692 

14 

71-428 

14-2-857 

214-285 

285-714 ' 

ir> 

66-666 

133-333 

199-999 

266-666 

16 

62-500 

125-000 

187-500 

250-000 

17 

58-823 

117-647 

176-470 

235-294 

. 18 

55-555 

111-111 

166-666 

222-222 

; 19 

52-631 

105-263 

157-894 

210-526 

20 

50-000 

100-000 

150 000 

200-000 

21 

47-619 

95-238 

142-857 

190-476 ; 

; 22 

45-454 

90-909 

136-363 

181-818 

! 23 

43-478 

86-956 

130-434 

173-913 

24 

41-666 

83-333 

124-999 

166-666 

1 25 

40-000 

80 000 

120-000 

160-000 

: 26 

38-461 

76-923 

115-384 

153-846 

27 

37-037 

74-074 

111-111 

148-148 

28 

35-714 

71*428 

107-142 

142-857 

29 

34-462 

68-965 

103-447 

137-931 

, 30 

33-333 

66-666 

« 99-999 

f 133-333 ■ 

31 

32-258 

64-616 

96-774 

■ 129 082 

32 

31-250 

62-500 

93-750 

i 125-000 


30-303 

60-606 

90-909 

121-212 

1 
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TAIil.E OK WEIGHTS— amtimu'd. 


icduiii'- 

of OIK' 

♦Vi'iiilit oftwo 

Wi'iijlit <>t Ihici' 

Wi'ij^liL Ilf lour 

i»'!i Ilf gruitis. 


U'.is in ;cnim.s. 

i 

leas III ^r^iiis 

:>) 

29-411 

,58-823 

88-231 

117-617 


28-571 

57-142 

85-713 

lW-285 


27-777 

55-.555 

83-:{32 

in-in 


27-027 

51-054 

81-081 

1U8-108 


26-060 

.52-7-27 

79-090 

105-263 

'Mi 

•2.V641 

51-282 

7t> 923 

102-,56l 

40 

25-000 

59-000 

75-000 

100-000 

i 41 

24-:JftO 

18-780 

73-170 

97-.560 

12 

28-809 

17-619 

71-4-25* 

95-238 

10 

2‘{-2r)5 

1,6-511 

69-766 

93-023 

14 

22 7-27 

45-4.54 

68-181 1 

90-909 

Ifi 

■22-222 

41 444 

66'666 1 

88-888 

40 

21-789 

43-478 

6.5-217 

86-956 

' 47 

21 -276 

42*553 

63-829 

85-106 

i 4K 

20 -8.8.8 

41 '666 

62-199 

83-333 

10 

-20-408 

10-816 

61-224 ; 

81 -632 

r.0 

20-000 

40-000 

60-000 

80 000 

f)i 

19-607 

39-215 

.58-82-2 

78-431 

7)2 

lft-280 

38-461 

.57-691 

76-923 

fiO 

18-867 

37-735 

56-602 

75-471 

.'ll 

18-518 

37-037 

55 ‘555 

74-074 

.’»5 

18-181 

36 -363 

' 51-544 

72-727 

5(5 

17-8.57 

35-714 

53-571 ! 

71 -428 

.^»7 

17*:'43 

35-087 

.52-630 

70-175 


17-241 

34-482 

51-723 1 

68-965 

50 

16-949 

33-898 

50-817 ; 

67-796 

00 

16-666 

33-333 

49-999 

66-666 

61 

16-893 

32-786 

49-179 

65-573 

62 

16 129 

3-2-258 

48-387 

64-616 

60 

15-873 

31-746 

i 47 619 

63-492 

64 

' 15-625 

31-250 

! 46-875 

62-500 

65 

15-384 

30-769 

1 46-1,53 

61-588 

, 66 

1 15-151 

30-303 

i 45-454 

60-606 

67 

1 14-975 

•29-8.50 

44-825 

59-701 

68 

14*705 

•29*411 

44-116 

58-823 

6 ft 

11-492 

28-985 

43-477 

67-971 

70 

14-285 

28-571 

! 42-856 

57-142 

; 71 

U-084 

i 28-169 

' 42-253 

56-338 

! 72 

13-888 

27-777 

41 665 

55-555 

' 70 

- 13 698 

,27-397 

■ 41-095 

.54-794 

‘ 74 

1 13-513 

, 27-0-27 

' 40-540 

54-064 

1 75 

13-333 

26-066 

39-999 

53-333 

1 76 

1 13-181 

1 26-363 

.39-544 

52-727 
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TAIiLK OK WKIOIITS -roiifiimcK. 



Wcii'litol one 

Woi-ihl oflwi' 

WfiSlit, of tlirri-, 

Wmiilit nf four 

ii'ii III !.'iaiiis. 

• 

l«-as in ^ruiii.sJl 

lens in ^.'iiiih. 

lean m 

77 

• 

12-987 

25-974 

• 3S-961 

51 948 

78 

♦ 12-820 

25-641 

:;s-46i 

51 -282 

79 

1 •2-658 

25-3L6 

37 - 94 ! 

50 632 

HO 

12-500 

25 007} 

37-500 

50 000 

SI 

12-345 

21-691 

37-036 

49-382 

82 

12-195 

2-1-390 

3ii-585 

48-780 

88 

12-048 

24-090 

36-U1 

48-192 

H4 

11-901 

23-809 

35-713 

47-619 

85 

11-764 

-J3-529 

35-293 

47-058 

80 

11 -627 

23-255 

• 34-882 

16-511 


11-494 

22-988 

34-482 

15-977 

88 

, 11-SOU 

22’7 27 

3i-090 

45-454 

89 

11-235 

22-471 

33-706 

41-943 

90 

11-111 • 

22-222 

33-333 

44-444 

91 

10-989 

21 -978 

32-967 

43-966 

92 

' 10-809 

21-739 

32-608 

43-478 

93 

10-752 

21 -505 

32-257 

43-010 

94 

10-638 

21-276 

31-911 

12-553 

95 

10-526 

21-052 

31 -578 

12-105 

, 90 

10-116 

-20-833 

31-219 

41-666 

1 97 

10-309 

-20-618 

30-927 

41-237 

1 98 

10-204 

-20 408 

30-612 

40-816 

■ 99 

10-10] 

20-202 

30-303 

40-404 

100 

lO-OOO 

20 000 

30-000 

40-000 


If this tahlfl is required to be used for higher counts than 
lOO’s, it is best to double the number of leas, and then 
double the counts which the weight represents. Thus 
eight leas of 120 s will weigh 66-660 grains, which corre¬ 
sponds to 60’s on this feible, and double this number is 
120’s, wliich is the counts required. For twofold yams, 
two leas will correspond to four on this table, as, for ex¬ 
ample, two leas of "'*"'=** 

weight of four leas of single 4®’s. In any case it is 
better to use eight leas in place of four leas, when the 
numbci's are above 100*s, because the difference in weight 
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between (fn© count and the next is so small that they can 
only be distinguislifd by very careful weighing; whereas, 
by increasing the iiiimBer o^ leas, wo increase the difl'erence, 
so as to make it more readily appreciable and less liable to 
bo mistaken for any othgr counts. 

In making the experiments* to determine the iiTegti- 
laritics in the counts and breaWng strain of single yarns of 
various counts and qualities, the yams were all spun with 
standard twists for the various counts, and were all warp 
twist. The strength in weft yarns would always be less 
than these, because the twist is always less, as in the weft 
softness and filling-up properties are more important than 
strength, as their being less hard and consolidated gives a 
greater fulness in appearance and a better feeling to the 
goods. The rule by which the standard twist for mule 
yarns, as universally accepted, is arrived at, is by multipljdng 
the square root of the counts, for mule yarns, by for 
warp and for weft. This is found to be the exact 
twist, in American yarns, which will set without permitting 
the yarn to curl up and form snarls or kinks. 


[Tablk 
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TABLK OF SQUARE ROOTS OF COUNTS AND STANDAKD 
TWISTS PER INCH FOR VARIOUS COUNTS OP YARN 


! 

1 

IndiuTi and American Cotton. 

• KyyntiaH Cotton. 


rtquuru 

. — 

— - 

.. — 

1 ___ 

j- 

— 

g , ^iOOt of 
,5 (flints. . 

^ • • 

Mulu 

Twist. 

Mule 

WelV 

Kfcg- 

Kramo 

TwiNi. 

Mule 

Twist, 

Mule 1 
Wefl. } 

Hing- 

Kraine 

Twist. 

: 

l-UCfO 

3-75 

3-25 * 

4-00 


1 


2 

1-4U 

5-30 

4-60 » 

5-65 

, 



li 1 

1-732 

6-49 

5-62 ; 

6-92 




4 

2-000 

7-50 

6-50 • 

8-00 




f) 

2-236 

8-38 

7-26 

8-94 




6 i 

2-449 

9-18 

7-96 

9-79 




7 ' 

2-615 

9-9-2 

8-59 i 

10-58 


1 


8 ' 

2-828 

10-60 

9-19 

11*31 

1 

1 


9 : 

;i-ooo 

n-25 

9-75 

12-00 

1 

1 


10 

3-162 

n-85 

10-27 

12-64 

*n-44 ; 

lO-JO i 

11-44 

11 1 

3-316 

l-i-45 

111-77 

13-26 

11-95 ! 

10-55 ; 

11-95 

12 ! 

3-464 

12-99 

11-25 

13-85 

12-47 ' 

n*oi 1 

12-47 

13 

3-605 

13-52 

11-71 

14-42 

13-00 ' 

11-57 

13-00 

14 

3-741 

11-03 

12-16 

14-96 

13-46 1 

11-89 

13 46 

15 

3-872 

14-52 

1-2-48 

15-49 

13-96 1 

12-32 

13-96 

16 

4-000 

15-00 

13-00 

16-00 

14-40 ' 

12-72 

14-40 

; 17 

4-123 

15-46 

13-40 

16-49 

14-86 

13-12 

14-86 

; 18 

4-242 

15-90 

13-78 

16-97 

15-27 

13-48 

15-27 

19 

4-358 

16 34 

14-16 

17-43 

15-71 

13-87 

15-71 

1 20 

4-472 

16-77 

14-53 

17-88 

16 09 

14-21 

16-09 

_ 

22 

4-690 

17-58 

15-24 

18-76 

16-88 

14-81 

16-88 

1 24 

4-898 

18-37 

15-92 

19-57 

17-63 

15-57 

17-63 

26 

5-099 

19-11 

16-57 

20-39 

18-86 

16-21 

18-35 

28 

5-291 

19-84 

17-80 

21-16 

19-04 

16-83 

19-04 

30 

5-477 

j 20-54 

17-80 

21 -90 

19-75 

17-42 

19-75 

32 

5-656 

21-21 

18-88 

22-62 

20-40 

18 00 

20-40 

34 

5-830 

-21-86 

19-95 

23-32 

21-02 

18-55 

21-02 

36 

6-000 

22-50 

19-50 

24-00 

21-64 

19-09 

21-64 

38 

6-164 

23-11 

20-03 

24-65 

22-23 

19-61 

22-23 

40 

6-324 

23-71 

20-55 

25-29 

22-81 

20-13 

22-81 

42 

6-480 

24-30 

21-06 

25-92 

23-37 

-20-62 

23-37 

44 

6-633 

-24-87 

21-55 

2(1-SS 

23-92 

21-10 

23-92 

46 

6-782 

25-43 

22-04 

27-la* 

24-45 

21-58 

24-45 

48 

6-928 

25-98 

22-51 

1 27-71 

24-98 

22-04 

24-98 

50 

7-071 

26-61 

22-98 

1 28-28 

1 25-50 

22-50 

26-60 
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•TABLE OF SL)IJARE ROOTS 


Stjuan* 
Kik >1 i>l 
(’uuiits. 


Indian iiiKl Anifrican ('otlnri. 

t 


Mill'- 

'I’vusl. 


Mill*' ^ 


Uin^- 

I'laiiM- 

'J'wisl. 


Kf?yptiaii Ciitloii 


Mill- 

Twist. 


Mill*- 

\v.in 


ftin-' 

I I'laiii*' 

t '1" M 



- ^ 

- 

— 


52 

7-211 

2(5-00 

i 22-94* 

2(5-00 

1 54 

7-348 0 . ^ 

2(5-f.O 

23-38 

-26-50 

: 5« 

7-4s:i 

•2(5-98 

-23-81 

26-98 

i f.8 

7-615 

•27-46 

•24-43 

27 -46 

1 »» 

7-745 

27 93 

21-51 

27-93 

! t)2 

7-874 

28 39 

25-05 

28-39 

1 ()4 

8-000 

-28-85 

25--,5 

28-85 

j 6fi 

8-1-24 

29-29 

25-87 

29-29 

liS 

8-246 

29-73 

26-23 

29-73 

70' 8’306 •. 

311-17 

26-62 

30-17 


8-485 

:i0-6(f 

27-00 

30-60 

74 

8-602 

31-02 

a;-37 

31 -02 

Hi 

8-717 

31-14 

27 74 

31-44 

78 

8-831 

31 -85 

28-10 

31 -85 

80 

8-914 

32-25 

28-47 

32 ”25 

H2 

9 •055 

32 65 

28-8] 

32-65 

<S4 

9 1(55 

33-05 

-211-1(1 

33-05 

8(5 

9-273 

33-44 

29-50 

33-44 

88 

9 380 

33-83 

29 84 

543-83 

90 

9-48(5 

34-21 

30-18 

34 -21 

92 

9-591 

34-59 

30-52 

34-59 

iM 

9-695 

34-96 

30-85 

34-96 

96 

9-797 ! . . . .. 

35-33 

31-17 

35-33 

98 

9 890 ; 

35-70 

31 -50 

35-70 

100 

10-000 , 

36-06 

,-n -83 

36-06 

102 

10-099 ' . . . . ' 

36-41 

32-14 

36-41 

104 

10'198 

36-77 

3‘2-46 

36-77 

106 

10-295 , ... 

37-12 

32-76 

37-12 

108 

10 392 

37-47 

33-07 

37-47 

110 

10-488 ... . . , ... 

37-81 

83-32 

37-81 

112 

10-583 ! . i 

38-16 

33-68 

38-16 

114 

10-677 ' . 

38-.50 

33-98 

38-60 

116 

10-770 ... ...» 

38-83 

34*28 

38-83 

118 

10-862 

39-17 

34-67 

39-17 

120 

10-954 1 ... . 

39*50 

84-86 

39-50 
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XU 

It will be noticed on looking at the table that the twist 
put into the Egyptian.yains is always rather less than the 
same counts in Indian or American CjOttbn. Also that in 
the Iialian or American cotton tlie twist put ifito the ring- 
frame ya»n is always grcatei' than in the mule twist, while 
in the Egyptian yaiais the twist is 'exactly the same both 
in the muhi twist and riii^'-framc twjst for the same 
counts. 

When the author first made his experiments on the 
strength of the various counts of yarn with the view of 
determining a standard method of accomplishing this, it 
was almost impossible to use afiy method of testing 
single threads, in consminence of the gre.at length of time 
necessary to do this, ami the universal method employed 
was to test the strength per Icji; and for this jiurjiosc, as 
\/ill bo seen hereafter, sevcu'al efficient machines had Imen 
devised. It is evident, moreover, that in the actual jii-o- 
ct.ss of manufacture into textile fabrics it is the single 
1 breads jiarticularly which have to carry the strain, 
althougn they undoubtedly, as in the case of a warp, to a 
certain extent mutually assist each other, but the real 
value of the warp yain, so far as the weaving is concerned, 
does not consist in the joint strength of the combined 
thre.ads, but in the regularity in strength of each individual 
thread; like the weakest link in a chain, it is the tnic 
measure of the value and wcavability of the yarn. 

Automatic Single-Thread Tester.- A machine is 
now in the market, “ Moscrop’s patent Automatic ‘ Single- 
Thread ’ Tester,” * which enables single-thread tests to be 
made with absolute accuracy, and the results automatically 
recorded on a prepared sheet, which i« adjusted to a correct 
position to receive it, so that a series of small punctures on 

’ SniijiUed by Messrs. Cook aiul Co., 18 Krcliange St., Manchester. 
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a graduated scale printed on the sheet indicates the break¬ 
ing strain.' The machine is driven .by power, so that the 
torque is i)erfect)y steady. AVhen the following tests 
were made It was driven, by a small electro motor.. The 
machine, of which a good illustration is given in Fig. 
56, is made to hold cops or bobbins, and rccoids on the 
paper 160 consecutive tests from oich cop, that is, 960 
tests from the six cops, so that a very large average is 
obtained. The time occupied in this test is about twenty 
minutes. The machine tests, during each cycle of opera¬ 
tions, a definite and constant length of ycni, which is 
automatically measured out during each reciprocation. 
The threads are heJld at the correct length by means of 
self-adjusting nips. The cycle of operations during one 
test may be described as follows 

1. The inward run of the carriage, which carries the 
cops or bobbins, presenting six threads respectively to their 
individual nips. 

i. Outward run of the carriage, allowing a dehnite 
length of yarti to be delivered, and the breaking of this 
yarn against springs of special temper and guaranteed 
accui'acy. 

3. Recording the strength of the threads individually 
during the inward run of the carriage. 

4. Olearing the tested yarns away from the nips, so as 
not to foul the next operation. 

B'ig. 57 gives a record card or sheet taken on the 
machine, from which the results of testing six cops of 20’8 
mule twist are seen, and the method in which it is recorded. 
The whole of the six records are in one long row on a card, 
and not one above another, as shown here. The exact size is 
18 in. long by 2| in. wide, so that every mark is quite clear 
and distinct. The use of springs for testing yarn, as against 




Fig. 56.— SiDgle-Tl>read Testing Machine. 
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ii (ixeil Mcifilit iinilci- Ui(' .‘iclidii of j;nivity, iii:u' lie oonsidered 
liy some to lie imreliidde, luit exfierienee jinives that in 
praetice tins ia not, the ease. In tlie first |iliice, the springs 
are made frnni a apeeial (|'iialit.v of steel, eareinlly tempered, 
and tested in ererv'vav liefore Ueing sent out.' The full 
extent of the spiring is never \iaed, as it is so fixed in the 
maehine that it '’an only he used to the extent of hO per 
eent of its guaranteed elongation liefore straining. An 
arrangenienl is also jirovided hy means of which the 
accuracy of the springs may at any time he verilied hy 
actual weights while the springs arc in ).'isition in the 
machine ; and, indeed' this is the method hv which they 
are adjusted in the setting of the machine. This arrange¬ 
ment consists of a liar lixed across the machine, parallel 
to the front nips, to which the springs are attached. On 
tlie bar is a sliding pulley, revolving on ]nn points, so as to 
eliminate friction, and over this pulley, by meaits of a cord, 
is hung a weight holdei' for putting oti the different weights 
wfiich may be necessary to test tin; accuracy of the springs. 
If a weiglit of, say, 8 oz. or I lb, is hnng in this way on to 
th<! front ni]is, the springs can be adjusted by means of set 
screws until the weight extends the sjirings, so that the 
needle point which records the strength is carried cxactlj' 
to the position marked 8 oz. on the record paper. hen 
once the springs have been correctly set, exjierienco .shows 
thiit there is little or no variation in them, so long as the 
adjusting screws are not altered, or the spring interfered 
with by accident or otherwise. They can also be tested at 
any time by the application of the weight again. A range 
of springs for testing any iptality of yarn are supplied with 
each machine. The Opiate upon which the record paper is 
placed is .so arranged, that when the standard sheet is 
placed in position the weights marked on the scale on the 
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sheet /ilwiiys come into exsict position to coiTosponil witli 
the weight to which the recording' point is adjusted. 

The following Vihles give the results of ii series of tests 
on sUndard (luulities “of yarn in different conhts, and 
generally in three qualities for eiich count, so' as to give 
fairly accurate results of th() range of cotton .yarns, which 
are mostly msed in manufacturing textile and other fabrics, 
and they give a good idea of the average sti'cngth of the 
threads and the variation which occurs in them. The 
yarns chosen were tho.se which are largely in demand in 
the Tjancashire, Yoi-ksliiro, and Nottingham trades, and 
also for export to the various manufacturing centres of the 
world. These y*arns were supplied hy Messrs. James 
] til worth and Son, Manchester. The various tests nuide 
on single thi'cads, as given below, may be compared with 
those made as usual by testing the yai'ti in a lea inste<ad of 
by single threads, which will be given hereafter. 


[Tables 
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Sample a 

2()’s iSiiif-le Twist. OikkI Quality.* All Auii'ricim (lotton. 
Average (founts, 2()’8. 

Sili^le Tlireatl. Leiit'th tested, J2 inelies. 


Sueiij;tli 111 Oiiiiffs. SlitiUKtli in Otiiifi’s. Stn’iigtli in <hiiin»H. 


^ Oimnih Max. Mm. Avi'i. 

“ ^. ! ; 

Ounces 

Max. Min iAvci. lOuncfis. 

1 

Max. I Mill. Aver. 

1 

1 12-00 

11 75 

• 12-2.5 


12 -r.o 

12-00 

, 12-50 


11 ■'>:> 

12 ‘25 

‘ 9-.50 



JIj'OO 

13-00 


11 r.i 

13 •.50 

12-00 


12 :>0 12-50 11-00 n-s:{ 

11-50 

13-50 11-50 12-:{3 l]'7f) ilS'Oo! 9-50,11-83 

2 12-25 

11-25 

10-75 


J2-l)0 

11-50 

• 12-25 


1 Ul' 7 i' 

12-2.5 

■ 12-00 


! 10 ;.0 

11-00 

12-00 


13-00 

11-75 

■ 11-25 


Hr.'iO '13A0 I0-50;12-00 

13-25 

13-25 ll-OO ll-sr 9-.50 

12-25 9-50;n*30 

3 13-00 1 

10-75 

: 12-(10 


13-00 

11-00 

12-25 

, 1 

' 11-2.; 

ITOO 

i 12-00 


10-75 

12-00 

10-75 


lO-i!-. 

12-25 

! 11-00 

■ 

11-2.5 13-00,10-75 11-06 

n-00 

12-25il0-75,n’33| 11-00 

12-25I10-75 ll-50i 

4 13-00 

10-50 

' 11-75 


13-00 

10-7;i 

12-00 


18-50 

n-25 

; 13-00 


i 12-00 

11-50 

1 10-50 

1 

11-25 I 

11-75 

'11-00 

; 

ill-00 13-50 1T00 12-31 

12-60 

12-50’10-50 ill-36 10-50 

1 ! 

13-00'l0-50 11-46' 


T!ie Tiiaximum average is 13-5 ouaces* The lowest average 
is 9*5 ounces. The average of the avemges is 1T72 ounces. 
Tlie greatest variation is 4 ounces, which is nearly 83 per cent 
on the average strength. 
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SAMPLE B 

24's Single Twist,. Ocwd Quality. All American OotUui. 
Average (’ounts, 24V. 

Single Threail. Leiigtli te.sted, 12 iiiclie.^. 


strength in Ounces. Stiftiigtli in Ounces SLiengUi ni Ounces. 


Cu 

Ounces. 

Max. Min 

A\ci 

()un<-cs. Mas 

Min. 

Avci. Dunces. 

Mux. 

Mill. Iavci. 








1 

1 9*25 



0'75 


10*25 


! 8*75 



7'7i> 


9*00 


, 9*0() 



H-7:> 


9*00 


950 



9'2rj 


« 8-.50 



850 



10*25 


8*75 



9*00 

9-2ri 850 

iron 

9*75 10*25 

0*75 

8*25 10*75 

10*75 

850 957 

2 

10*00 



8*75 


9 *2.5 


: 9'75 



9*00 


9*00 


8-7r> 



9*00 


9*25 


9*27) 



9*25 


8*75 


. 9-00 



8*75 


8*75 


8 •.',() 

10-00 x-rio 

9-21 

9 00 9*2.5 

8*75 

8*90, 9*00 

9*25 

8*75 9*01 


9-00 



10*00 


8*75 



9*00 



8*75 


850 

' 


9*75 



9 *00 


9-.50 



8-75 



850 


9*75 

1 


9*00 



9 50 


9*25 

1 


9*25 

9-75 8-75 

9-l:i 

950 10*00 

850 

9*21 9*00 

9-76 

8*50; 9*11 

4 

8*25 



9*00 1 


10*00 




9-75 



9*00 


9*00 




9*00 



9*25 ■ 


9*00 




9*2.5 



8*75 : 


8-75 




10-00 



10*00 


1 8 *.50 




9-00 

10-00 8-95 

9-21 

950 10*00 

8*50 

9*25 10*00 110*00 

8-50 ■ 9*11 


The maximum af/eruge is 10*75 ounces. The minimum 
average is 8-25 ounces. The average of the averages is 9*01 
ounces! The greatest variation is 2*5 ounces, whicli is about 
28 per cent on the average strength. 
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•SAMPLE 0 

20’s Siu^U- Twist. (Jood Quality. All Anunicaii Cotton. 
Avernj'e Counts, 2(J’.s. 

.■iinglo Thread. Loiiglli tested, 12 indies. 


Sticiigth III 

(liiiiri'h 

m Oiiih’c"'. 

Stmigtli m Omicc>. 

Ounce’s.! 4iii\. 1 

1 

Min LV\.t 

Ounces. 

M;i\. Mm. 

A,,.,. 

Omiecs.l Max. 

Miu. 1 Aver.; 

■ «-2:. 1 


7 -2:. 

• 


8-25 ! 

■ 

7-50 , 


7 'i .5 



8-00 


i 7‘7r> 


S-00 


> 

7*75 


‘ 'JO 


7-50 



7*7.5 

1 



8-2,5 j 



8 *25 


7*2r) ' 8-50 

7*2:. 7-70 

8-.50 ' 

8-.5Q 7-.5() 

7's7 

7*75' 8-2.5' 

7 - 7.5 7*79'; 

7'7'» 


7-00 



H'OO ' 


. '^•20 


7 ‘25 



8-2.5 ' 


■ -00 


7*7.5 , 



7 -25 


8-2'‘ 


8-.50 i 

' 


8-50 


>•50 


8 2.5 ; 



8-2.5 


j'75 >’r>0j 

7-7.5 8-01' 

8-75 , 

8-7.5, 7-00 

7-01 

8-50 8-.')0 

7*25 8-12 

8-25 > 1 


7*7.5 . 



8-2.'! 


8*00 ; ; 


8-SO 



7-75 


d '«'>0 


8-25 



7*o;i 


8*00 , * 


7-.50 



s-50 : 


7*2.5 


8-50 . 



s-:>o ; 


8*00 j 8-25 

7-2.5 ‘ 8-00 

8-50 

8-.50, 7-.50 

8-17 

7-75 . 8-.50 

7-00 7-95 

8-2.5 ' 


7*2:. 



7-25 ; 

1 ■ 

8'50 i 


8'2.’i 



8-00' 

j 

8-2.5 


8 •2.5 i 



8-7.5 : 


8-00 i i 


7-.50 1 



7*2.5 

1 

7-50 1 , 


8-50 1 

! 


8-001 1 


8-20 8-.50' 

7-50, 8-10 

8-00 : 

S-riOl 7-2.5 

7-94 

8*2.5 1 8-7.5 

7-25 7 - 7 . 5 -’ 

^ 1 


The maximum average is 8’75 gunees. The minimum 
average is 7 ounces. Tite average of the averages is 7‘8(5 
ounces. Tlie greatest variation is I’75 ounces, which is aliout 
23 per cent on the avemge strengtli 
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SAMPLE J) 

.'i2’s Sinyli: Twi4. Su]n>t- Quality. All American Cotton. 
Averagr (’omits, 31'SV. 

Sin^fli* 'J’ln-ead. testeil, 12 iintlieh'. 


fSlUMl:.:lll 111 IMIIICCS 


StiriijiUi 111 OuiK’i's Stifiigtli III Oiiiin'ji. 


Oiiiin-s. M!i\ 

Mm 

Am'i. 

(iniifes Mji\ 

Mm 

Avt'i. 

Oiijici's. Max. Mm. ; Avr. 

I 

8-00 ■ 



8’-25 



i 

7 -90 

7 ’ 00 : 



9-00 



7 - 50 ' • ; 

7 • 2.5 



10-00 



8-00 

H -00 



9-25 1 



8-25 

9-25 



8 - 7.5 1 



9-00 

8-00 ‘.'-liii 

7-00 

7-91 

8-00 , 10-00 

8-00 

8-88 

7-75 ; 9-00 7-.50 8-07 

9-00 



i;{-oo ^ 



12-00 ' 

, 9 - 2.5 



9-00 



10-75 

, 10-25 ■ 



7-00 



10-25 

' U-00 



9-.50 



9 -50 

10-75 



8 75 ■ 



10-50 . 

11-00 11-00 

9-00 10-21 

10-00 j 13-00 

7-00 

9-.54 

9-00 12 - 00 i 9 - 00 ;iO -33 

10-00 



12-00 



11-.50 

11-00 



11-00 



10-25 

10-00 



10-25 



10-00 ' 

10-75 



10-25 



11-25 

8-75 



8-75 



9-25 

0 - 2.5 11-00 

8-75 

9-90 

9-25 i 12-00' 

8-75 

10-25 

8-75 11 - 50 ' 8-75:10-15 

8-00 



10-25 ' 



10-00 . 

10-25 



9-25 



9-25 ! 

9-00 



n-00 ■ 



11-00 1 

9 - 2.5 



8-75 



8-75 I 

11-00 



10-75 ■ 



10-25 1 

9 - 2.5 11-001 

8-00 

9-46 

10-00 | 11 - 00 ' 

8-75 

10-00 

11-00 ill-OO; 8-75 10-04 

1 


The inaxiiiiuiu averuj^ is 13 ounces. The miniraum average 
is 7 ounces. The average of the averages is 9'56 ounces. The 
greatest variation is (> ounces, which is about 63 per cent on the 
average strength. 
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•SAMPLE E 

3(5 s Single Good Qiialit)* All Airievicaii Cotton. 

Average Counts, 3()’s. 

I’in;'!*' Tliiviul. Length tested, 12 inches. 


1 in (>11111 


1 StTi‘n-;t]i in Oiunns 

1 Klinngth III Oimees. 

Otiiict'v MiA. Min 

Avci 

1 

'(.liiiu'e'.. Miiv. Mm. 1 Avei, 

Oiiiici'H.! Miih. 1 Mm, 

A\er., 

j 

H-00 


7*25 

8*00 1 


7'2.'i 


7*00 

6*25 1 




8 •25 

7*25 , ' 


'*5 .^.1 


0*25 

7*50 


i''25 ; 


7*00 1 

, 6*7.5 1 i 


(♦•25 0-25 

7*01 

8*00 1 8*25 0*25 7'‘50 

7*00 1 8*00 1 6 25 

7-13 

7-00 i 


(5*7.5 

7*00 


7*00 i 


8*75 

7*2.5 


8-00 ' 


6*00 

8*25 


'■’75 


7*00 , 

8*00 ' 1 


0 *.0 


7*]2 

7*75 


7-00 , 8*00 ' t)-50 

7-01 

()*;>0 , 8 75 6*50 7*02 

7*00 8*25 7*00 1 

7*51 

8*2.5 i 


7-00 ' 

8*25 


8 *75 ! 


7*25 i 

8*00; ! 


(1 00 


7*75 

8*00 ; 


7*2f5 i 


8-00 1 

10*00 


6*75 i 


9*00 

7*25 


(5*25 1 0 00 ■ 6-25 

7*71 

()*7.5 j 9*00 6*75 7‘62 

7*00 110*00 7*00 

8*08 

7-7^,' 1 " , 


8*25 i 

7*25 


8*25 ! 


7*1.5 ; 

7*00 ; 


7-00 


7*25 

8*00 1 


6'75 


8*25 

8*25 


0*00 . 1 


6*75 i 

7*25 


8’75 1 '<•75 1 0-75 

; 7*91 

'•7*25 B-25 6*75 17-41 

7*00 1 8*25 j 7*00 

7*46 


■'I 


The maxiitium average is 10 ounces.. The minimum average 
is 6'25 ounces. The average of the averages is 7'49 ouncea 
The greatest variation is 3-75 ounces, whicli is about 51 pet 
cent on the average strength. 
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SAMPLE F 

40’s Single Twist. Oiioi'i Quality. All Amei'ican (iottoii. 
Average Counts, tO's. 

Single Thread. ].eiig'th tested, 12 inches. 


Strength III Omices. SUenstli in lliim-'"'. SLri'iiiitli in iMini’i's. 


Ountes. 

Mii\. 

Mm Amt. 

OuufCM Max 

Mm. A\(‘i 

Ounces 

Max j 

Mm. Avt*i. 

(>-2r) 



7'2f. 


n -00 



7-00 



0*25 


6'2.'. 



6'211 



(i'7r. , 


G 75 



7 ^ri 



5-75 


5 75 



7*00 



5'7r) 


7 “25 



6-00 

7 'Iti 

G'OO 1 0'71 

7*00 ■ 7'2'. 

O'lG ' 

' 7‘00 ' 

7‘25 , 

.'.‘75 , G-.50 

6-2.') 


1 

1 7‘25 

' 

5‘50 



7'00 


j 

(I'OO 


G-50 



5'60 


i 

G'OO 


■.•75 ' 



O'OO 



.'.■25 . 

1 

5‘25 ' 



t)‘2G 



5‘50 ' 


, 7'00 1 


1 

G-2r. 

7-00 

.7-2.0 6-04 

7 00 7'2:) 

, 5-25 : ti-ll 

1 7 ■'25 1 

7-25 1 

5 25 ; C‘21 

5'75 


_! 

7-00 


' 6-00 ' 



6-00 


i 

6-00 ' 

' 

5-50 



7'00 



5-25 


5‘25 



5-25 



5‘00 


4‘75 



4'70 



7‘50 • 


O'OO 

' i 


5*75 

7-00 

4*75 5'75 

4'75 ' 7‘.50 

14-75 5‘95 

! .5‘75 

(j‘00! 

5-2.5 . 5-54 

7'25 


■ 

0*25 


5-75 



7'00 



6‘00 


7-00 



6-25 


1 

. 5*75 


()‘25 



«-00 



,5-25 : 


0-00 



5'50 



7-25 ; 


, 5‘75 


1 

5'75 

7 '' 2 r . 

5'50 : 6 -ao 

I 7‘00 7‘25 

5-25 6*40 

7 ‘25 

7 "25 

t 5-75 : 6-33 


The niuxiniiim av4j'age is 7*75 ounces. The miniuiuni 
average is 4'75 ounces. The average of the averages is 6-20 
ounces. The greatest variation is 3 ounces, which is about 
48 per cent on the average strength. 
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SAMPLE G 


40's Ijiiif-le. Twist. GooU Quafity. All Egyiitiaii Cotton. 
Average Cuunts, 40's. 

" SiiiKle Tliread. teiioth tested, 12 iiiclie.s. 


I 1 


StifUirUi 111 


OunfCH.l Ma\. Mm. 


8 *2?) 
(;-75 
1-75 
7-00 
ti-7j 


StreriKlh m (Junccs. 


StrenRth m Ounces. 



7-25 1 

, 8’00 

' 8-25 

8'25 

/•oo 


li’OO 1 

_ 

6-75 


ti'50 


7*00 


7‘25 


6-25 


6-50 

■1 

8-25 


7-25 


6*f»0 


6-2.1 


6-75 


7*00 


8 *271 


7 '25 


6*75 


6*00 


8-r.o 


8-25 1 6*25 1 


Aver. 

itinees.i Mas j Mm. ; Avtir. 


i 

• 


7-00 : 



7-50 ; 



6-rio 1 


• 

7-25 I 



6-25 ' 

1 1 

7-29 

8-00 1 

- -1 

8 00 1 6-25 1 7-07 


7*50 ' 

~ 1 


6-r>o 

; i 


8-25 

1 


(»-7r) 

1 i 


6-00 

1 ! 

7-29 

6-25 

8-25 1 6-00 , f>-8< 


8-00 



7-25 

i 1 

1 

7-.W 

' 1 

1 

6-50 

i j 

i 

6-75 

1 

] 6-71 

7-00 

8-00 1 6-50 1 7-16 

1 

7’75 

1 ; 

! 

6-25 

t 

t 

6-00 

1 1 

1 

7 ‘25 

1 j 

i 

i 7*00 

I 

j 7-00 

! 7-25 

7-75 6-00 i 6-91 

_L L 


Ounces. 

Max. 

1 

Mm. ' A\ct‘. 

-..y- 


i 

6-50 

6 - 75 

7'75 ] 
8-00 

7- 00 

8-00 

6-50 1 7-21 

7-00 
’ 6-50 
6*75 ] 


1 

I'iii 

7‘50 

7-70 

1 

: 6-50 1 7'12 

6*25 
, 6-25 
i 7-00 

1 7-25 

1 6'7fi 

1 7-00 

7 ■2.') 

6'25 j 6-7.5 j 

1 6-00 
: 6-25 
i 7-2r> 
i 7-75 

1 6-.10 
! 7-00 

•T-n 

6-00 1 6-80 

1 


The maximiira average ia 8'25»ounces. The minimum 
average is 6 ounces. Tlie average of the averages is 7-01 ounces. 
The greatest variation is 2'2i) ounces, which is about 32 per cent 
on the average strength. 
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SAMPLE H 


45*8 Single Twist. Good t^uulily. All American (Jottoii. 
Avcvii^^e Counts, dfj’s. 

Single 'Pliread. Jieiiglli* tested, 12 indies. 







— 


— 


— - — 

Slren^lli \n Ounc 

.s. 

Strciif^tli 111 Oiiiic 


SLii’iijcOt 111 OiuKTx 

OUIKTS. 


Mm. 

A vci. 

IHUH’PS. 

Mav. 

.Mm. 

.\\«r 

UllIK’I'S. Mu\ 

Mm. ! Avit. 

4*2.'’) 




5-00 




4 -75 


.5*00 




^1-75 




3-75 


t)-2r» 




V50 




4-00 


4-75 




5 '25 




5-25 


3-1)0 




1 '75 




5-75 


3-7.5 

t)'25 

3-75 

4 -05 

5-00 

5-25 

4-riO 

4-88 

4-25 5-75 

3-75 ! 4-02 

5*2.5 

_ 



H-25 




5-50 , 


.5-00 




0-00 




5'75 ' 


(5-25 




0-25 




0-50 , 


5*75 




5-75 




4-75: 


()*00 




1 -75 




7'25 ; 

1 

6-25 

(5-25 

5-00 

5*75 

4-50 


4-riO 

5-58 

5-00 i 7-25 

4-75 ] 5-80 

4-75 




6-25 




5-50 1 

' 

4 -50 




0-00 




5-00 

1 

4 '25 




5*00 




4-25 ! 

■ 

6*75 




4*50 




4-75: 


6-2n 




4*25 




6-00 1 

I 

4 ‘75 

G-75 

4-25 

5*21 

0*75 

0 '75 

1 -2.5 

.5-46 

5-25 1 0-00 

4-25 1 5-12 

4-60 




5*00 




0-00 

' 

4-7ri 




5*00 




5*00 1 


6-00 




4-7S 




5-00 


5-00 




5-25 




4-25 , 


i-‘£> 




4-75 




4-25 


4-60 

6-00 

1 -25 

4*83 

4-50 

5 "25 

4-50 

4-87 

4-75 0-00 

4-25 I 5'04 


The nmxinmm average is 7*27 ounces. The minimum 
average is 3*75 ounces. The average of the averages is 4*70 
ounces. Tlie greatest variation is 3*42 ounces, which is about 
72 per cent on the average strength. 
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SAMPLE I 


» 

4^.’h Single Twiat. (Jnod Quality. All Egyptian (lotion. 
Average Counts, 4r)’.«. 

Single Thread. Li*ngtl> teste<l, 12 inches. 



The maximum average is 7’7r> ^ounces. The minimum 
average is 4’25 ounces. The average of the averages is 5-40 
onnees. The greatest variation is 3*5 ounces, or about 65 per 
cent on the average strength. 
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SAMPLE J 

.'iO’8 Sin^lp Twist. Good /.Jimlity. All Efjyptittii (loUtn. 
Avpraf;o Counts, flO’s. 

Single TIji'o.'kI. Length tested, 12 inclie.s., 


Htrcnvilli III Oinipfs 


Strp«;;Ui m Oniipps. 


Siren-itl) id Oniif’ 


I Max. Mm. i .Xvci. iOunops.l Max. I Mm. | Aver. lOimci's. 


1 I ;>-00 I . I 4 * 7 r/ ! I ! ! 

j I \ r< j I i 

i-7r. I ; 1 .'■•■DO I I 

ffio i ' . I-on 1 

«-2.'i I i .'i-'j.'; I i "j 

6-00 4-50 [ .'i-Hi l'.")0 i ] 4TiO I 4-77 


Max. I Mm. 

L__ ■ 


l'2r. ' (i-OO i 4'2fi 


4-75 j 4-60 4'75 j 5Til ! 4'00 4'7St l!'7.1 3-7r> 

.TOO 1 3-7fi i .'COO 

;','25 I r>-2f) ! 4-75 

4- 75 ! - .O-OO 4-2.0 

5- 00 I 5-50 I .^TiO 

5-00 4-2.'') 6-00 

4'7!i ri-2r) 4-77. 4•»« 4'7.'; .4 001 .-iTfi 4-7.'> 4'75 (i'OO 4'2.i 


! 4-f)0 6-00 4-60 .O-IiO 6-00 O'OO 4-2f. 4-96 4-25 r.TO 4-00 


The maximum average is 6-25 ounces. The minimum 
average is 3-75 ounces. The average of the averages is 6 ounces. 
The greatest variation is 2 ’6 ounces, which is exactly 50 per cent 
of the average strength. 
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SAMPLE K 

CO’s Sin;,'!.' Twist. Snjier Qualit;^. ifll Kiiyptitin Cotton. 
Average. Counts, tiO’s. 

Wuigle Tlircad. Loijgtli tested, 12 Indies. 


SUfii^ah III Oniu-fs SLiviintli ill (Hiticfv ' Sltcn^'tli in Oiimvs. 


^ ^otiiiffji! 

M;u. 

Min. ' 

A\.m. 

Ounci‘K. Mas. ' Miii. 

.\\»*i. 1 

iniici's. 

Miix. i 

Mm ! 

1 

u : 


i 


_ 1 

‘ 


. 1 

' 


1 5 00 


1 


3-7.5 ! : . 

! 

5-00 




/J‘75 ! 




4-.50 


4-75 




4-.50 1 

• 



.5-00 , 


4 50 




4-Mr, 1 




5-50 1 


3-75 

' 



' ^'75 : 



• 

fr-25 j ! : 


5-00 




5 25 

5*25 

.'Vli 

4 -OO 

1-7.5 ; 5-.50 j 3-75 

■1 -70 

3-.50 

5-00 

3-50 ! 

4*43 

2 ! 5 50 ; 




3-75 P 


5-25 




■ 1-25 




3-.50 ' 


4 -25 



1 

1 '.'.O 




-1 -75 


3-75 




<1m0 




4-.50 • 


5-00 




< 50 




.5-75 


5-50 



i 

f' ■/ .1 

5'7r. 

3*50 

roti 

4-.50 ; 5-75 j 3-.50 

4‘37 

3-50 

5-50 

3-.50 

4-.54 ; 

: : 5-25 




.5-25 1 j 


3*75 




6’00 




5-00 1 


3-25 




* 5-00 




4-50 i 


5-00 




^ 4-25 




4-25 ' 


4-50 




! 3'25 




3*50 ; 


4-75 




3-75 

6-00 

3*25 

4-.58 

4-.50 1 5-25 1 3-.50 

1-66 

3-75 

5-00 

3-25 j 4-17 

\ . .5-25 




' 3-.50 j 


5-2.5 




i 4-75 




4-00 1 


4-25 




j 3*25 




4*50 1 


3'75 




i 4-50 




.5*25 1 


3-.50 



* 

! 4 *.50 

• 



i 5-00 1 1 


4‘75 

: 



1 4*50 

4*75 

3-25 

4 -.54 

: 4-25 j .5-25 j 3-50 

4-41 

4-25 

j 5-25 

IST.O 

4-30 


The maximum average is 4*79 ounces. The mininiuni 
average is 3*25 ounces. The average 8f the averages is 4*52 
ounces. Tlie greatest variation is 1'54 ounces, which is 33 per 
cent on the average strength. 
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SAMPLE L 


70’s Sitiule Twist. Siijisr guality. All Egyptian Oi Utin, 
Avemge C^ounts, OO'aV ‘ 

Single'I'lu-eud. ljen;,'th te.steil, I'l inclit-^i. 

1 Sln-iiytli 111 Ounccv SLri‘n;^Ui iii Ouii<-i‘s. j SlH’iit'th in (Miiht'. 


ft 

OutiC'S. 

Ma\. 

Mm. ; 

Avni. Omic*'^. 

M;i\. j Mill. ! 

AVfi jOiincns 

Ma\. 

Mm. 

\v<’r j 

u 







1 




1 

1 






I i 

1 

■i-oo 





:5-7r) 




3-2.5 

' ; 

1 

1-2.5 





4-00 




4 -50 

1 

i 

3-7.5 



' 


3TiO 




4-00 

1 1 

' 

3-50 





f2r> 




4 -25 


. 1 

1-7.5 



1 


3-7.5 

1 -2.5 

ii^i 

3-91 

3 .50 

-1-50 1 3-25 

!'!' 

4-2.5 

4-75 i 

1 

3-50 1 

4-10 


■1-2.5 


! 


3-2.5 



■I-OO 





:{-00 




3-00 

1 


1 -00 



1 

.•{■75 




3-7.5 

1 


3-2.5 



i 





3-00 



3-00 




fOO 




3'75 



3-7.5 



' 

1 ;r25 

■1-2.5 

3-00 

3-58 , 

3-7.5 

s-rs 3-00 

3-10 

4-00 

1-00 

3-00 

3'(i0 

:s 1 4-00 




.3-7.5 

1 


4-00 




; 4-25 




3-2.5 



1-00 




' 3 '7 5 



i 

■1-00 

i 


4 ••25 




; 4-7.5 




4-00 



3-00 




3T»0 



1 

3-25 

1 


3-2.5 




.5-00 

.5-00 

3 .50 

1-21 ! 

3-7.5 

4-00 .3 "2.5 

.3-60 

.3-7.5 

1-25 

_ 

.3-00 

3-71 

T 

'.on 




3-75 



3-2.5 





4-00 



i 

4-00 



3-00 





3-.50 



i 

4-00 



3-00 





3*7.5 



1 

1 

3-25 

1 


4-00 





.5-00 




3-25 



4 -25 





3-2.5 

.5-00 

3-2.5 

4 -08 1 

1 

4-50 

4-50 1 3-25 

3-81 

3-25 

4-25 

3-00 

3-62 


Tlie maximum average is 5 ounces. The inininium average 
is 3 ounces. Tlie average of the averages is 3’8 ounces. The 
greatest variation is 2 ounces, which is about 53 per cent on the 
average strength. 
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SAMPLE M 


80’s Witigle Twist. Super Qualit> All Egyptian Cotton. 
. * Average Counts, 80’s. 

Single Tlireiui. Leuglli lesteil, 12 inclics. 


Stlt'llnUi 111 < )III 1 C<‘S. 


StlOlI^rth III Ouiifi's. 


«li»>ii-'th 111 Ouiicii-s. 


tUiiiiocs.l Mav. I Mill. Avit. <)uih*cs. Max. Mm Avfr. <)aiu'<*s.[ Max. Min. j Aicr. 


I 5^00 ;{-25 

2-7r> - 1 r^rio .‘i-oo 

;}-00 ! ' 275 

i no , 2%’>0 

i 2-2;) I 2-7:'. y&O 

, : 2T.0 2-80 2-50 :i-77> 2'f)0 ‘i’OS ;{'00 3-7)0 2*7)0 3*00 

I 2-27) ! 3-00 2-75 

2-;5 3-00 2-7)0 

' 4TO I 2-27) 3'27) 

' ; -i,'. I i I 2-77) 3-00 

j 2 7'. I I ! 3-27) 2-77) 

i 3 00 3-50 2-27) 2-01 j 2*75 3-2:. 2*27) 12*83 3-27) 3*27) 2*50 2*00 


4 UV -J » I t/ I 

3-00 3-75 2-00 2-70 ] 3-25 3■75 2'25 3'00 2-50 3-25 2-27) j 2-66 


3-27) 3-50 2-50 3*04 3'25 3*50 2*50 3*04 | 2-75 13-27> 2*50 j 2-71 I 


The maxiinmn average is 3*76 ouj;iccs. The minimum 
average is 2 ounces. 1’he average of the averages is 2*9 ounces. 
The greatest variation is 1*75 ounces, which is CO per cent on 
the average strength. 

Y 
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It wHl be noticed that the single yarns are only tested 
thread by thread up to 80’s single, as within this range is 
included by far the hugest number of counts which are 
used in single yarns, and‘the.se were all taken lu-omiscuously 
from well-known spinnings, and may be takam .as typicid of 
their class. The general results of all the te.sts may be 
summarised in the following-table :— 


TABLE OE STKENGTH AND VAltlATlOX IX .SIXGLU VAUN.S, 
TESTED SINGLE TIIKEADS AT A TIME 


li 

0 

D 

E 

E 

G 

H 

I 

J 

K 

L 

M 






H'b 


y 0 ?! 


(louiiis. 

ColLoii. 

Qiialitv. 

G Z 

= ?. = 









i £ - 

t 50 

.g|5 




^ " 


' = 

k c 



All Auiericaii 

Good 


0T)0 

11-72 

4-00 

33 

24 « 



io-7r. 

8 "if) 

9-01 

2-r>o 

2» 

26® 


Sui>or 

ST.t 

7-00 

7-SR 

l-7.'> 

23 


) j 

l:i'00 

7*00 

9 •.'is 

6'0() 

63 



Good 

10-00 

«-2:. 

7-49 

3-7:1 

51 

40"* 




i-7;, 

fi'20 

3-00 

48 

40'* 

All Ejjyptian 


8-2:) 

0-00 

7-01 

2-25 

32 

45=* 

All American 


7-27 

3-7:. 

4-70 

3-42 

72 

4f)8 

All Kffvptian 


7-7.0 

4-2r) 

f)*40 

3-50 

65 

fiOs 

,, 

Super 

6-2:) 

S-77> 

.I-00 

2-f)() 

50 

60« 

,, 

1-79 

3-25 

4*52 

3-54 

33 

70** 

,, 

j, 

5-00 

3-00 

3*80 

2 00 

63 

80« 

” 


3*75 

2-00 

2*90 

3-75 

60 


Although it is not wise to draw general conclusions from 
too limited a number of experiments, still, the experience of 
the author in the testing of yarns enables him to know that 
these tests give a fair average of what may be expected 
from these class of yarns. 

In looking at the results of the testings in A, B, and C 
samples, it will be noticed that the greatest regularity is in 
C, which is spun down from 32’s quality. The 20’s and 24’s 
are spun from 24’s quality. The 32’s D sample is spun 
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from roviii"s iind cotton prepared for 32’s, and the quality 
of cotton will not be bettci- tban that wlycb will.niahe the 
yarn commercially satisfactory. A gjance tit ±ho Table 1) 
giving the individual tests will 'show that although llie 
counts ar(! (jn the light side on the iivorago, still some of the 
threads must have becm on the coarse side. E, the ."O’.s, was 
spun down from F, the 40’s iwing. The difference between 
F and G in regularity mu.st be specially noticed, because it 
shows how the .same counts, 40’s single, made from Egyptian 
cotton are superior in i-cgularity to the American yam; 
the former having a longer staple, and a finer fibre, and 
conseqtieutly a larger number of fibres in the cross-section 
of the thread, both of w’hich give advantage in every way. 
Sample K, the fiOV suj)cr, was sjmn down from the same 
rovings as used for the 80’s in sjimple M. The sjimplo E, 
iO’s, was also spun down from M rovings. The highest 
variation in strength per cent W'.as in the 1/45’s American, 
■ind the lowest in the 1 /20’s American, and the average of 
tl:j whole was 47 per cent. The average variation in the 
all American yarns was 47 per cent, and in the all Egyptian 
yarns 41) per cent. 

The author also made a number of experiments with 
these single yarns to endeavour to determine the degree of 
regularity in the elasticity of the yarn, but found in all 
cases the variation in individual threads was too great to 
base any general average upon. All the counts seemed at 
first ^0 take a permanent set whenever any tension was put 
upon them, which arises from the fibres drawing out by 
sliding out over each other until they get a firm gri)) of 
each other; then they display a certain degree of elasticity 
and take no further sot until the ifmit of the stretching 
power is reached, and then another set is taken, and the 
^fibres either draw out or lose their hold, or the strain coming 
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on to tlfcin une(jually, one filire gives way, and the others 
follow seriatim, arid the fracture of 'the thread occurs. 

\ series, of tests, were also made with twofold yarns, 
tak(ui, as in the case of the single yai’iis, a single thtead at 
a time, anil each thread taken 12 inches in length, and each 
thread tested eighteen times.. The results of .these tests 
are embodied in the following’table.s. 


[Tablk 
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•SAMPIiE A 

Twofold 40’b. C(nniuoii American Oottoii. 

Averaj'e 39’5\s. 

'’ingle Thread. Length tested, 1:2 inches. 


stiviifilh III Ounces. S(ieii;;1li in Ounces. St.ieiijrtll in Ounces. 


1 

u 

Ounces. 

M;i\ 

.Min. 

Avei. 

< >11111 e.s 

.\la\. 

Mill. 

A\ei. 

Ounce,s. 

Mav. 

Mm, 

Aver. 

I 

11-00 




13-25 


• 


11-00 









14-00 




15-00 





11-75 




1 1-00 




15-25 





11 




12-75 




13-75 




ly-r.o 




12-75 




14-00 




13-2;. 

' 

1 1-00 

13-25 

13-06! 13-75 

14-00 

12-75 

13-41 

11-00 

15-2.5 

13-75 

14-.33 

2 

13-7:. 




15-00 




M-00 





14’2.0 




15-2.5 




14-00 




1 '-00 




14-00 




13-25 




; 3 ’ 7 : 




13-75 




15-00 









14-25 




14-25 





I i-00 

14-25 

12-75 

13-75 

14-00 

15-25 

13-75 

14-37 

14-00 

0 

0 

13-25 

14-09 

3 

15-00 




13-2.5 




14-25 





14-75 




13-75 




13-50 





1 . 25 




14-25 




13-75 





13-75 



14-.50 




14-50 





14-OO 




14-75 




14-75 





14-25 

15-00 

13-25 

M-17 

13 -75 

14-75 

13-25 

ll-OJ 

13-50 

14-75 

13-50 

14-01 

4 

13-50 




14-00 




14-00 





13-75 




14-25 




13-25 





13'‘^6 




14-25 




14-25 





14-25 




13-75 




14-50 





14 7.5 




13-50 




14-75 





1.5-00 

15-00 

13-25 

14-12 

14-25 

14-2.5 

13-50 

14-00 

12-75 

14-75 

12-75 

_ 

13-91 


The inaxiimim average ia ir>*25 ounces. The minimmii 
average is 12'75 ounces. The average of the averages is 14 
ounces. The greatest variation is 2’5 ounces, which is about 
18 per cent on the average strength. 
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SA]VIFL£ i 


Twoiold 38 s. HuperMJiiJility. All Egyptian Cotton. 
Avmgc Counts, 38'2V. 

Single Thread. hengtSi tested, 18:J inchit.A 


yircnj^tli 111 OtnicPs. 

Stif’iiKt.li m OiiiK 


Strength in Omu 

•s. 

OniicfN 

Ma\. 

Mill. 

Aver. 

Omiceh 

Ma\. 

.Mil). 

Aver. 

Oniiees 

M.i\. 

Min. 

.V^nr. 

19*25 




20*25 




18-75 




20*50 




20*80 




20*00 




20*:i0 



* 

20*50 




21*00 




20*25 




20*00 




21*50 




20*00 




19*75 




20*50 




19 50 

‘20*50 

19*25 

19*90 

20*00 

20*5 

19*75 

20*18 

21-OO 

21-50 

18*75 

20*4(1 

19*75 




17*50 




23*00 




20*50 




18*90 




21*98 




21*00 




21 *50 




‘20*75 




21*25 




21 *75 




20*25 




20*;{0 




20*30 




22-00 




20*75 

21*25 

19*75 

20*01 

21 *50 

21*75 

17*50 

20*20 

20 75 

23*00120*25 

21*45 

20*80 




19*75 




21-80 




21 *00 




19*75 




22*40 




22*00 




20-25 




28-80 




21T.0 



' 20*50 




21*00 




20*25 




21*00 




•22*80 




24*00 

2-fnoj20-;io 

21-61: 20-76 

20*75 

19*75 

20*38 

24 *00 

24*00 

21*30 

23-06 

22 *,50 




24*00 




20*50 




28*00 




28*80 




20*75 




28*50 

24*00 




24*00 




21 *25 







24*20 




21*75 




24*00 1 

22*30 124*00 

i 

22*30 

23-21 

21*30 

22*00 

24*20 

. 

21*30 23-21 

22*00 

21*50 

1 

22-00 20*50 

21*46 


The inaxitniiin avert^ge i.s 24 ounees. The minimum average 
IT'S ounces. The average of the averages is 21-25 ounces. The 
greatest variation is 6-5 ounces, which i.s about 31 per cent of 
the average strength. 
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•sample c 

l^'ofold -lO’s. Siijicr Quality.! E ftyptian Cotton. 
Average Counts, 40’s. 

Ciiiglo Thread. Length tested, 12 inches. 


Stu 

III OlllU'l 


Stn 

ligth II 

Oiinreh. 

!:<trcuglli m Oimcps. 

Oiinpex 

Mux. 

Mill. 

Avi‘1. 

Oiiiicps. 

Max. 

Jim. 

Avt'i'. 

Ouiiaw. 

Max. 

Mm. 

Avpf. 

l ()-00 




20 - 2.6 


• 


22-00 




20-00 

« 



21-00 




21-00 




20 T >0 




21-25 




21-25 




21-00 




20-00 




21-00 




18-00 




19-75 




20-25 




20 - 2 :) 

21 00 

10-00 

19-30 

20 00 

21-25 

19 - 7.6 

20-37 

20-00 

22-00 

20-00 

20*91 

21 *00 




22-00 




22-25 




19 ‘ 7 f ) 




22-50 




20-00 




•’ o-or 




21-00 




21-00 




20 00 




21 -25 




19-50 




21-00 




20-75 




19-76 




111-60 

21-00 

10-75 

20-21 

20-00 

22-50 

20-00 

21-25 

20-25 

22-25 

19-50 

20-46 

23-00 




22-.50 




22-00 




22-00 




22 -UO 




24-00 




21-00 




22-25 




23-76 




22 25 




20-00 




21-50 




20-76 




21-50 




- 22-76 




20-00 

23-00 

20-00 

21-50 

21-76 

2 - i-OO 

21-50 

22-16 

20-50 

24-00 

20-50 

22*25 

22-60 




24-00 




23-00 




21-75 




23-75 




22-00 




22-60 




22-00 




20 - 7.6 




21 - 00 . 




20-25 




21-00 




20-00 




21-00 




19-76 




22*50 

22-50 

20-00 

21-71 

22-00 

24-00 

20-25 

22*16 

22-00 

23-00 

20-76 

21*24 


The maxinium average is 24 oiinceij The minimum average 
is 16 ounces. The average of the averages is 21-14 ounces. The 
greatest variation is 8 ounces, which is about 37 per cent on the 
average strength. 
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SAMPLE 0 

Twofolil 50’s. Sii])(‘i'(Quality. All Egyptian Cnttou. 

Average Counts, r>(ys. 

Single Thteail. Length tested, 12 inched. 


Stu'iii'lh 111 (iniu'cs. 

Sti 

III Ouiic 


Stu-ii}it!i 1 

1 OniK’t'M. 

OtllK’CS 

I Max. 

Mm. 

A\fi. 

Olllicc.-t. 

Max. 

Mill. 

A\ IT. 

(.)ini<-i‘'. 

Max. 

Mm. 

Amt. 

1 ii-no 




12-00 




18-00 




1 17 ' 2:1 




14-00 




17-25 




Ifi-aO 




14-25 




18-00 , 



1 in -00 




Ki -25 




17-00 i 



17-00 




13-00 




16-75 




17 *25 

17 - 2.5 

16-00 

16-83 

M -00 

14-25 

12-00 

13-41 

18-00 

18-00 

16-75 

17-50 

]C-2ri 




16-00 




15-75 




16-00 




16-25 




15-25 




ir )- 2 ii 




15-00 




16-00 




14-75 




15-50 




16-50 




16-25 




16-00 




17-00 




16-00 

16-25 

M -75 

16-58 

16-25 

16-25 

15-00 

15-83 

16-50 

17-00 

15-25 

16-16 

16-75 




17-00 




10 - 7 .'i 




17-00 




18-00 




16-.50 




16-25 




17-25 




17-00 




12-2n 




16-75 




17-00 




17-00 




16-25 




17-50 




17-00 

17-00 

12-25 

16-01 

17-00 

18-00 

16-75 

17-04 

16-25 

17-50 

16-25 

16 - 7,6 

16-25 




17-25 




17-25 




18-00 




17-00 




17-00 




17-00 




16-25 




17-00 




17-00 




18-00 




16-75 




17-25 




15-75 




17-00 




17-00 

18-00 

16-25 

17-08 

17-00 

18-00 

15-75 

lG -87 

17-26 

17-25 

16-76 

17-04 


The maximuni average is 18 ounces. The minimum average 
is 12 ouncea The average of the averages is 16-43 ounces. 
The greatest variation is 6 ounces, which is a little over 38 per 
cent on the average strength. 
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•SAMPLE E 

Ivfofold OO's. Super Quality. | Al^Egyptian t'littuii. 
Average {.'ounta, GO’i.'i'a, 

Siiiple Thmul. Iie’ietli tested, 12 inclics. 

111 I Shi'iii'tli ill OiHin's. I Stli“H;;lU in Oiim rs. 


I 


w 

‘ 

Oiiii<-i'i. 

14-00 
14 *7.5 
12-25 
I.VfiO 
14-75 
16*00 

Mji\. 

16*00 

Mm. 

_ 

12-25 

■Wvi. 

()lllH-»-S. 

Mji\. 

Mm 

15-16 

dllllCOS 

13 00 
13*50 
15-00 
14*75 
15*00 
M-25 

Ma\. 

15-00 

Mm 

Amt. 

14-.54 

15-00 
15-75 
16*00 
15*25 
15'00 
15*75 

16*00 

15*00 

13-00 

! 

1 

11-25 

2 

16-00 




14-00 




15-00 









14-25 




14-25 





F)-00 




I a-75 




14-75 





14*25 




15-00 




13-50 





ill-50 




14-00 




13-50 





l.{*25 

16-00 

13-50 

14*61 

13-75 

15*00 

13-75 

14*12 

14*75 

15-00 

13-50 

14-29 


16-00' 




15-00 




14*25 





15-00 




U'70 




14-00 





M75 




14-25 




14*00 





13-25 




13-75 




13*75 





13*75 




15-00 




14*25 

14-25 




14-0() 

16-00 

13*25 

H-46 

14-25 

15*00 

14-25 

14-50 

13*25 

I 

13*91 

4 

13*75 




14-00 




14*25 





13*00 




13-00 




14*00 





13*50 




13-so 




13-75 





14*00 




15*00 




13*50 





14*25 

* 



14*75 




14*75 





13-50 

14-25 

13*00 

13-66 

13*25 

15-00 

13-00 

13-91 

14*00 

14-75 

13-50 

14*04 


The inaximuni average is 1G ounces.^ The minimum average 
18 12-25 ounces. Tlie average of the averages is 14*23 oiincea 
The greatest variation is 4*75 ounces, which is 33 per cent on 
the average strength. 
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CQTTON J’lBKE 


tllAl'. 


SAMPLE r 


Twofold' 70V. Su]n‘r(rf!)uality. All Egyiitiaii Cottliii. 
Average Counts, TO’s. 

Single Thread. Ijongth te.sted, 12 inche.-. 


ijticngtli 111 Oiinrps. 

Stii'ugth Ill Omict 

! Sirfiigtii III Ouuc'h. 

1 

OuiK'l'S 

M;i\. 

AI 1 II. 


Oinu'i.-'H. 

Max. Mi:i 

; 

A\i‘r, |()iiiic-cs. 

1 

Miix. 

Mill. 

Aver. 

12-00 




12-25 


1 13-00 




12-2ri 




12-00 


■ 12-25 

, 



11-25 



( 

12-00 


! 11-.50 




11 • 7 .''. 




1 ] -75 


12-25 




12-00 




10-25 


' 1-2-00 




12-00 

12-25 

11-25 

11-8« 

12-75 

12-75 10-25 

11-83; 12-00 i 13-00 

n-50 

12-17 

12-00 




12-25 

1 

: 11 25 




12-25 




12-25 


10-75 




12-25 




12-00 


; 12-25 




11-7.5 




11-75 


1 12-25 




11-50 




11 -25 


! 12-00 




12-00 

12-25 

11-50111-00 

12-00 

T2-25lll-25 

1 

11-91 j 12-00 

12-25 

10 - 7.5 

11-75 

12-2.5 




12-25 

' 

: 13-50 




11-00 




12-00 


1 12-25 




11-00 




12-00 


! 13-50 




12-00 




14-00 


1 13-.50 




11-75 




13-75 


! 12 -.50 




12 - 7.5 

12-75 

11-00 

. 

11-«0 

12-75 

13-75112-00 

12-80j 12-00 !l3-,50 

12-00 

12-87 

H-25 




12-25 

1 

12-25 




14-00 




12-75 


1 13-00 




14-00 




13-25 


12-00 




13-50 




12-00 


i 11-75 




13-00 




12 75 

i 

1 12-25 




12-50 

14-25 

12-50 

13-54 

12-50 

13-25;12-00 

13-60i 11‘.50 

! 

0 

0 

h) 

11-50 

12-12 


The maximum av^age is 14'25 ounces. The minimum 
average is 10’25 ounces. The average of the averages is 12’27 
ouiicea The greatest variation is 4 ounces, which is 32 per 
cent on the average strength. 
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•SAMPLE G 


'j\l'ofold 80’s. Super Qiiiility. j Alf Egyptian Clottiiii. 
Averuf'e Oomits, 80’s. 

Single Thread. Length tested, 12 inches. 


I 

I 


StrciiKtli 11 

Ounces. 

SliiTij' 1 ,ii in Oiinees, 

Stri'iijiUi in < iimccs. 

Oniic.ps. 

Miix. 

Mm. 

Amt. 

Ounces 

Mu\. 

Min. 

Aver. 

Oinicob 

Max. 

_ 

Mm. 

Aver. 

10 *2:. 




10-00 


• 


9-25 




9'7r) 

* 



11-00 




9-75 




9*75 




10-75 




8-75 




10'00 




9-25 




10-00 




10-25 



• 

9-50 




9-75 




10-00 

10-25 

9-75 

9-91 

10-25 

n -00 

9-25 

9-94 

10-25 

10-25 


9-10 

10-00 




9-00 




10-00 




10-2,5 




9-25 




10-25 




9-75 




9-50 




9-25 




9 75 




9-25 




9-00 




9-60 




9-00 




9-00 




iO-25 

^)-25 

9-50 

9-61 

9-50 

9-50 

9-00 

9-08 

8-75 

10-25 

8 •7.’; 

9 ’37 

10-25 




8-75 




10-00 




9-25 




H-75 




9-25 




9-25 




9-25 




9-75 




9-75 




9-75 




8-75 




9-00 




10-00 




8-75 




10-00 

10-25 

9-00 

9-fi8 

9-00 

10-00 

8-75 

9 25 

10-25 

10-25 

8-7r. 

9-)0 

9-25 




10-00 




10-00 




9-00 




10-25 




10-00 




9-00 




9-50 




9-75 




8-75, 




9-25 




9-25 




9-75 




9-00 




10-25 




9-25 

9-75 

8-75 

9-10 

9-00 

10-25 

9-00 

9-50 

10-00 

10-25 

9-25 

9-87 


The maximum average is 11 ounces.. The minimum average 
is 8’75 ounces. The average of the averages is 9'54 ounces. 
The greatest variation is 2-25 ounces, which is about 23 per 
cent on the average strength. 
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In til," same way as' with the single-twist tests, the tests 
as above on the twofold yarns may he summarised in the 
following table 

f 

TAIiLE OK STKICXOTII AXI) VARIATION IN TWOfOLI) YARNS, 
TESTED SINC.LE THREADS AT A TIME 



' 

« 

- ■! 

r - /• 

_ y 

^ a 

(.'oniils. 

CmUoIi 

Qualitv. 

c 

il‘| 

1 = 1 

-5 c 




"py c 

c 'tc 

'p. ' c 


^ “.5 

i 2/I0'- 

All Aiiiciii’an 

(.Niiiiitioii 

1 Ti 

12 7-. 

14-00 

2-rio 

2/.lR» 

All Egyjitiali 

•- Sn)»or 

2-1 *0(1 

17-r.o 

21-2!-. 

6-no 

2/4 0‘ 

2-J -00 

16-00 21-1*1 

8-00 

2/r.n« 

„ ,, 


18 *00 

12-00 

i6-4;{ 

c-00 

2/60'' 


. ^ 

16-00 

12-2:. 

14-2:3 

4 ■7.'> 

2/70^ 

, , 

,, 


‘10-2:. 

12-27 

4-00 



” 

11 -00 


0 r.4 

2-2r. 


These ligures call for no comment except to point out 
that all the Egyjitian yarns were spun from the same 
ipiality of cotton and from the 2/8()’s rovings down as far as 
the 2/60’s. The same cotton hut a slightly heavier roving 
was used for the 2/00’s, and the same spun down to the 
2/40’s and 2/.‘58’s. 

The highest average variation in strength per cent was 
in the 2/50’s Egyptian by 38 per cent, and the lowest 
variation was 18 per cent in the 2/40’s American. The 
average variation was a little over 30 per cent. The 
average variation in the Egyptian yarns was 32'3 per-cent. 
If these variations are compared with the variations in 
the strength of the single yarns, it will he seen that twofold 
yarns have a better average strength in the American yarns 
of 29 per cent and thi! Egyptian yarns of 16-7 per cent 

In making experiments with yarn in the lea, the cotton 
was wound off the cop or bobbin on to a reel IJ yards 


Vaiiation 
])#>r ct'nt. 
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(fi t inches) in diameter, whicli is the standard sizo^of reel, 
so that cacli lea contaftiod eighty threads. The.se tlireads 
were laid side by .side on to the reel ovei^a space of 1 inch 
by a s81f-actiiig motion, so as to in’cvcnt uneiiual tension in 
the tlu'eaJs, and a uniform tension put on to them in their 
passage frijn the cop or bobbin to the reel. 



A general idea of the form of this wrap reel, as it is 
called, will be obtained by looking at Fig. 5b, which 
gives a good illustration of the form of this machine. The 
cops’or bobbins are placed upon pegs or skewers, and the 
ends or threads conducted by suitable guides on to the 
swift of the reel. A slow motion is given to the guides as 
the swift revolves, which lays the threads practically 
parallel and side by side with a uniform tension. 

A very ingenious form of sun-and-planet wheel enables 
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(ificli fev)lutioii of tho'driving handle to revolve tlio swift 
twice, so that onl^ forty revolutions of the driving handle 
arc necessarv to lay on the eighty threads. A dial driven 
by a worin-wlieel mcasutfjs the length, so as to prevent the 
neces.sity of counting the nHml)er of revolutions of the 
swift, and whenever 1:10 yaiils or one lea has been wound 
on, a bell rings tc call attention. 

Yarn Strength-Testing Machine.— 'I'ln; machine 
used for te.sting the strength of the yarn was of the 
ordinary fonn used in liancashire for that purpose, which 
consists of two square hooks, one of which can be separated 
fi’om the oilier vertically by the motion of a screyv. This 
screw, in making the experiments, was actuated by power 
obtained from the shaft driven front the large engines 
at the extensive cotton mills in' which the author was a 
partner, and which was perfectly uniform and steady. The 
motion of a stnall lover enabled the screw to be turned in 
either direction at pleasure. The upper hook is connected 
by a chain round the cylinder with a lever having a 
uniform weight fixed upon it, the angular deviation of 
which, from the vertical line, puts a strain upon the lea of 
yarn stretched between the two hooks, while a finger or 
pointer on the axis on which the cylinder revolves 
measures the angular deviation of the weight upon a 
graduated dial, and thus records the strain in pounds at 
which the lea of yarn breaks. A catch working at the end 
of the weight lever in a semicircular rack prevents the 
rveight from falling when the lea of yam breaks and this 
catch requires releasing, and the weight and jiointer 
resetting after each testing is complete. The record 
weight in pounds ilas, in all cases, that at which the 
pointer stood when fracture was complete. Fig. 59 
represents the testing-machine, from which the general 
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fcatiii'ea. of its coiistriictioii, as givtai above, arc clearly 
seen, and tlie inethoil of driving lijf power from the main 
shaft is alsji (jnitc deal'. 'I’o have the testing-machine 
driven hy power, when tfie in.achine is of this eonsti'uction, 
is jihsohitely e.ssential, as no one can turn t*lie handle 
round with uniform velocity ip all parts of the circle, and 
esjrccially when a-weight has..to he lifted, and any jerking 
or irregular motion tln-ows an unecpial tension on the yarn 
and causes it to appear, when the fracture takc.s jilace, 
weaker than it really i.s. The s|)ced at which the macliine 
is turned is also very important, and altho.tgh this is now 
(prite recognised it was first pointed out by the author in 
his work on the cotton fibre written in ISKi!. From 
experiments then made, it was found' that in order that 
the brfiaking strain of the yarn'might correspond on the 
machine with that of yarn broken by the action of gravita¬ 
tion, by a suspended weight being hung upon the hank, 
the hand of the dial should travel the circle of the 
face in eight seconds. This time-element will enable any 
machine by the same maker to be set to the standard, 
because it the speed is liigher the y;irn will appear to be 
stronger, an<l if tlie speed is slower the yarn will appear 
weaker. The machine was tested every day during the 
time the experiments were being made by removing the 
catch which runs round in the circular rack and hanging a 
standard weight on to the upper hook, which caused the 
hands to traverse the dial, and so point to the graduations 
which corrcsjrond to the weight hung on the hook, a 
56-lbs. weight causing the pointer on the dial to swing to 
56, or two 56’s to 113 Ihs., which showed the machine to 
lie perfectly accurate'Ivith the gravitation standard. The 
machine used was graduated up to 150 lbs. 

A horizontal foi'm of testing-machine is sometimes used, 
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'ill 

ill which, in place of lever and weighi? the weight js jcplaced 
liy a vessel hung on fo h chain which ])«sses over a pulley, 
and water is admitted liy a suitable tap into, the vessel 
until tl!e weiglit breaks the lea, aiyl tfie tensile strength is 
recorded «n a dial attached to the machine. The author 
lound that \vhen projier precautions were employed, either 
of these different forms of machine gave accordant results. 
It may be noted ;dso that generally, iti testitig, the results 
required arc not so much the actual strctigth of the yarn 
its the c()mparati\'e strength wheti tested against another 
yarn of the same counts. In both cases also there is a 
means ofjecorditig the elasticity of the yarn before break¬ 
ing, btit this can only be acctirately meiiBured by the single¬ 
thread testing maohttie, as iti the case of the lea it is almost 
inipos,sible to put the lea bn to the testing hooks without 
having one thread tighter than the other, and this causes 
the threads to adjust themselves by drawing over the 
hooks until the tension is uniform, but this process de.stroys 
oomc of the elasticity before the strain comes on all the 
threads together. 

Weighing of Yarn. —The balance used for weighing 
the yai’ii was a very delicate one, made specially for the 
purpose of chemical analysis, and turning the scales 
regularly with the , „’„i,th part of a grain, when the pans 
were loaded with 500 grains on each pan. It stood within 
a glass case, so as to shield it from currents of air and 
other,disturbing iniluences. The front glass of the case 
slides up so as to enable the operator to reach the scales. 
Fig. 60 gives a good illustration of such a laboratory 
balance, in which an arrangement is made so as to take 
the weight off the knife edge, when*the substance to be 
weighed is placed into the pans, and a small shaft with a 
milled head outside the case enables the beam to be set 
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free to work when the' glass front is (Imwii down after the 
pans are loaded. Where great afccuracy is not requiied 
a ((uadrant is used in place of a balance, by means of which 
the counts of the yarn is read oil on a. graduated semi¬ 
circular scale. The hank is sim])!}' hung upon the hook, 
and the balance weight by its angular deviation deflects 
the indicating needle from ."cro, at whi(;h it stands when 



there is no yarn hung on the hook, to the point indicating 
the counts. Fig. 61 gives a good representation of this 
quadrant. A scale pan may be substituted for the hook, 
and the accuracy of the machine may, at any time, be 
tested by placing the weights in the pan. The room in 
which the operations were performed was kept at a uniform 
temperature by a stenm stove, and all the samples of yam 
were exposed in the room for twenty-four hours before 
testing, so as to permit them to acquire, as far as possible. 
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the same conditions in regard to tenlperature and moisture, 
both of which have an htfect on the strength of tlio yarn. 

In place of a chemical .scale or quadrant,a Knowles’ 
Balandj is .also sometimes used, wldch,*whcn the weighing is 
being .jiesformed gives the reading of the counts direct, 
withont fhf use of weights pr a tafile of counts. Fig. 62 
represents this balance. Tilio scales ift'e similar to an 



Fkj. fil.—Yiirii-Ti-stiiig Quadrant. 


ordinary balance, but on the top of the beam there is a 
roller or cylinder with six sides, each side of which has a 
different series of counts marked on it. With the scale 
six special standard weights are supplied and marked to 
correspond to the side to be used. This weight is put in 
the left-hand pan and the yam in the right-hand, and a 
slider on the top of the beam, where equilibrium is attained, 
reads off the counts direct on the graduated hexagonal 
roller. 
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The fiiimjiles of yisrii themselves were selected from 
vaiious mahers, and were fair avtrages of a large pro- 
du(;tion, and not^picked samples, the authors intention 
being to arrive at tfie <^egree of ])erfection attainiPhle in 



Fie. 0‘J,—Knowk's' Yarn Balaiict*. 


the ordinary yarns of commerce; hut all the yarns were 
matle by spinners who have a good name in the market 
for their respective pi<>.iduction8. 

The experiments extended over a much wider range 
of counts and samples than are here recorded, but the 
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general results were the same as given by thesg (»xaniples, 
and the author has thSrefore chosen wily those which are 
generally used in the textile trades, and they ^ay he taken 
as types of all other similar counts of yarn. 

In. all- cases five experiments were made with the same 
thread, anil four threads taktjn out oi each sample iironiiscu- 
ously, and the results in the Sollowing taWes may, therefore, 
from the care which was taken in the experiments, be 
relied ujion as a basis for generalisation, and they may 
also bo taken as a fair representation of what may he 
expected in the degree of perfection to which oidinary 
good coipmercial yarns usually attain. 


[Table 
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SAMPLE A 

20'« Single, llulj Spun. All American (lotion 


Number iil 

iK\in‘ritnptirh. 

ItiTaking 
weight pfi It'a 
in llw. 

« 

Weight 

Ml grUMI.S. 

Axeragf 

Weight. 

r<ninlj>. 

I ‘Xo. 1 

■SO 

50-10 




7H 

48-(55 



j 

SI 

50-25 


' 


70 

48-75 



' 

80 , 

50-l.‘) 

19-576 

20-17 

; No. 2 

7;! 

84 

4 7-SO i 

50-2.-5 

*’ 



84 

51-0] 




8(> 

52-14 



, 

84 

52-01 

50-761 

19-69 

1 No. :i 

78 

48-i:j 




80 

49-76 




81 

49-36 




72 

47-38 




75 

48-97 

48-718 

20-52 

i No. 4 

72 

47-3« 



1 

78 

49-62 



1 

78 

50-13 



1 

70 

48-52 



i 

70 

49-36 

4S-99S 

20-40 

i 

78-8 

‘ i 

■49-514 

20-19 


This is a good cominereial yam. The counts are on the 
average correct. The greatest variation both in strength and 
weight is in No. 2. Here the strength varies from 73 to 86 
lbs.-=13 lbs. or IC r) jfc' cent on the average breaking strain, 
while the weight varies from 47'83 grains to 52'31 grains, or 
4-48 grains, which is about 9 per cent on the average weight. 
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SAMPLE B 


2()’a iiiiinli', Mull! Spun. JFaAe IVuiii Esypitiaii and 
American Cotton. 


Numbei ul 
Exi«‘riiiifnls. 

Ib'crilalllJ' 
in'! lea 
in tbs. 

Weight 
in grains 

AtlTUgH 

Weight. 

! Counts. 

No, 1 

102 

r.o-i;i 




100 

:>] -oil 




101 

51-07 

• 



300 

50'a7 


j 


100 

.51-:t0 

51-020 

' 19-60 

No. 2 

00* 

50-24 




100 

,51-93 





49-12 




09 

48-55 




100 

18-32 

■19-632 

20-15 

No. ;j 

100 

50-12 




9S 

52-13 




97 

48-35 




99 

48-15 




98 

19*38 

49-626 

20-15 

No. -1 

104 

50-02 




108 

53-17 




112 

53-16 




108 

51-47 


1 


101 

50-83 

51-481 

19-28 


102-2 


50-531 

i 19-795 


This is a firstclasa mule yam, tlie counts slightly coarse. The 
greatest variation is in No. 2 thread, where the strength varies 
from 98 to 106 Ihs., or 8 lbs., which is rather less that 8 per 
cent on the average breaking strain. The variation in weight 
is greatest in No. 3, where it amounts to nearly 4 lbs., or about 
8 per cent on the average weight 
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SAMPLE C 


20’s Sinj'le, Water Twist. All American 


1 

Niiml)iT (>l 
Expormwiiit.s. 

BmiKitif; 
weight |M‘r lf‘u 

111 I Us. 

W.-i«ht 

in Kiaiiis. 

Avi-iugo 

Weight. 

Oouiifs. 

No. 1 

1 80 

48-18 

i 


, 

! 7.5 

47-.58 




i 84 

• 48-2:. 




82 

48-.86 i 




80 , 

48-88 

48-280 

20-78 

No. 2 

84 

48-2.5 

. 

1 


84 

4 8-.58 , 


i 


76 

49-8.5 




7.5 

49-18 




80 

49*82 

48-916 

20-44 

No. IJ 

78 

47-21 




72 

47*30 


i 


80 

49*81 




7.5 

.50-18 




81 

.50-8.5 

48-860 

i 20-40 

No. 4 

78 

48-80 




82 

49-42 




88 

49 - 7.5 




86 

50-23 




81 

.50-85 

49-610 

20-16 


70-& 


48-904 

i 20-446 

: 1 


This is a good using yarn. The counts vcrj' nearly correct. 
The greatest variation in strength is in No. 1 thread, fioin 75 
to 84 lbs., or 9 lbs., which is about 11 per cent on thp average 
strength. The greatest ?ange in weight ia in No. 3, from 47*21 
grains to 50'35 gmins = 3*14 grains, which is about 6'4^per cent 
oil tbe average weight. 
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SAMPLE J> 

Single, Mule Sj»un. Oldham Limited Oo. 
All American 


Nuinlior of 

ExiMTimiMits 

Unvikm;; 
wi'iylit [ii'i- li'a 
til llts. 

WWJilll 

III };iaiiih. 

Avenigt* 

Wci^'hl 

('omits. 

No. 1 

1 

1 

33*75 




.''.it i 

32-6-1 

1 



<53 

33*11 




fi3 

30*75 




.'ill 

31*01 

;52*31S 

30*91 

No. 2 


31*22 




f>7 

.31*47 




53 

30*4(5 




56 

32*14 



! No. 3 

56 

32*31 

31*526 

31*72 


56 

31*85 




59 

32*34 




54 

31*47 




61 j 

33*12 




60 1 

32*88 

32*332 

30*92 

No. 4 

48 

30*73 




52 

30*14 




52 

30*57 




49 

29*51 




50 

30*75 

30*340 

32*96 


54-7 


31*629 

31-63 


This is a favourite yarn in Jjancasliire. The <x>mit8 are slightly 
coarsei* The greatest variation in strength is in No. I threa<l, 
from 52 to 62 lbs., or 10 lbs., which is about 18*2 jier cent on 
the average breaking strain. The greatest variation in weight 
is in the same thread, from 30*75 grains to 33*76 grains, or 3 
grains, which is rather under 10 per cent of the average weight. 
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SAMPLE & 

40’s Single TwirI, Suyer Bolton Mule. Yarn. All Egy^)tiaii 
Cotton. 


Number of 
K\|ienm«'iits. 

lirpiik^n^r 
W*‘inllli JHT lojv 
III lbs. 

WcifU ; Count.. ! 

Ill tiiuniN. [ 

No. 1 

r,r, 

1 

0.4-f,4 


tf-j 

25-oa 1 


5G 

0.4-14 ' 


5J 

54 

• 25':U 

25-41 25-282 ' 3U'55 

Nil. 2 

55 

25-00 ; 1 


5.5 

2.4 ‘ 1 1 


r,4 

25-2(i • f 


57 

25-37 , ! 


fi3 

2.4 •12 1 2,4-OMO 4!)-(i:i j 

No. 

.54 

25-31 : 


56 

2'5-43 ' 


55 

25-48 1 


5>i 

25*13 i 


57 

25-47 25-424 49-4.8 

No. 4 

.52 

25-00 


54 

25-16 


54 

25-28 


r.6 

25*37 


.44 

25-19 25-200 49-68 


51-1 

25*250 30*585 

! i 

This is a 

lii'8t-cla.s8 mule yum, spun down from CO’s rovings 


The coixnts are slightly cctarse. The greatest variation is 4 lbs. 
in the breaking strain, which occurs in No. 2, 3, and 4 tl^reads, 
which is about 7-3 per cent on the average strexigth. The 
weight is remarkably regular, the greatest variation being about 
0*4 of a grain in No. 1 thi'cad, which is less than 2 per cent on 
the average weight. 
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SAMPLE F 

50’s 8111"^ I'vvist, Bolton Mule Yarn. All Egyptian Cotton. . 


Nimil>er of 

Hi'oakin;; 
wei^Iit pci lea 
in 1I»N. 

"Wciiilit 
in ^niius. 

Avcili;;.- 

Wci^lit. 


CminlH. 

No. 1 

•■12 

:JS 

19- 12 

20- 14 






20-12 


1 



ys 

20-24 

• 

1 



3J 

19-92 

10-90H 


50-23 

— 



• 



No. 2 

40 

20-13 


1 




10-73 


1 



.34 

•20-3.5 






20-23 





32 

10-.59 

20-00(i 

1 

1 

49-98 

No. 3 ’ 

39 

20-01 


1 



31 

19-23 


] 



30 

35 

31 

20-54 

20-23 

20-30 

20-062 


49-84 

No. 4 

35 

10-75 





3.5 

19-43 





34 

20-13 




1 

3-1 

20-35 




; 

35 

19-91 

19-020 

' 

50-20 


35-2 


19-974 


50-00 


Tills yarn is spun from the same roving a.s Sample E. The 
average counts are correct The greatest variation in strength 
is in HR). 2 thread, from 32 to 40 lbs., or 8 lbs., which is about 
22 per cent of the average breaking weight The greatest 
variation in weight is in No. 3 threaJ, from 19'23 grains to 
20’54 grains, or l"31, which is about 6‘5 per cent of the 
average weight 
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• SAMPLE Gf 

()0s Single Twist. R)lton Mule Vam. Made from Egyjdian 




C<itton. 


4 



• 



XuiuIkt of 
Ex[MTimt‘uts. 

llipalvtij.' 

M'Cl^tlt ])l'l l<>8 

in Ml".. 

WfiHiit 
in j^'raiiis. 

Wni-lil. 

(’ounls. 

No. 1 

.•51 

It) *25 
ltft)S 




yi 

17-31 




.'^1 

• 37*22 




:{4 

16-84 

]a-8G0 


No. 2 

3r> 

17-32 




;m 

3 7-00 

• 



34 

17-48 « 




T! 

16-58 

16-95 

17*026 

,' 18-73 

No. 

22 

16-38 




30 

16-45 




29 

32 

16-2.5 

lf)-83 




31 

17-13 

16*608 

60-21 

No. 4 

35 

17-38 




34 

17-12 




32 

17*37 




30 

17-00 




32 

17-30 

17*244 

58-00 


32-3 


]6-!);l4 

59*06 


This is a lirstrclass cai*ded yarn. The counts are coarso^ only 
one thread being full counts. The greatest variation in strength 
is in No. 2 and No. 4 threads, from 30 to 35 lbs., ^iich is 
about 15 per cent of the average breaking strain. The greatest 
variation in weight is^in No. 1, from ]0'25 grains to 17‘31 
grains, or 106 grains, which is about 6 per cent of the average 
weight. 
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SAMPLE H 


go's Sin^if Twist, Sn])pr Mule Yarn. Egyiitiaii 

(lottoii. 


Nambt'i nl I 

lOvakiii^' 
Wi‘ighbiH ‘1 leu 
III His. 

III ;:riiiiis. 1 


CouhIh. 

; No. 1 ; 

;i4 ^ 

17 7:> 


_ 


:U) 

17*04 1 




:'/j 

17*15 

• 


^ ; 

;5() ; 

17*10 ; 



i 

:il 1 

10*75 1 

V*l70 

58*21 

No. 2 i 

• : 

17 •23 i 



1 i 

M i 

J7-23 i 




:n 

17 •25 i 



1 j 

1 32 

17-li 





10 •34 I 

17*138 

58*35 

No. o 

.30 

lO-Iil ! 



! 1 

31 

10-23 



1 

••SO 

16*7,5 



1 ! 

1 .-ri 

17*11 1 



! 

30 

17*00 i 

16*752 

59*60 

No. 4 

1 30 

17*25 



1 

1 3.’i 1 

16*84 


1 



j 17*14 




1 34 1 

1 17*25 




1 ;).•{ ! 
1 _ 

! 16-01 

17*084 

58*53 

i 

! 3;i-j 


17*036 

58*70 


Tills is one of the best mule yarns in tlie market. The 
counta«ftc heavy. The greatest variation in the breaking strain 
is in No. 1 and No. 2 threads, from 32 to 36 lbs., or 4 lbs., 
which is about 12 per cent on the average breaking strain. 
The greatest variation in counts is in No. 1 thread, from 16'75 
to 17'75 grains, or about 6 per cent of the average weight. 
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Twofold 4l)’s, Full 'JVist Twiner Yarn. American Option. 


i 

Numbi'f of 
lK,\|irnniciits. 

} 

weight per Ifii 
in lya. 

w.'isiit 
in gnirfi'i. 

• 

Axorugc 

WVigl.t. 

, OjiinU. ' 

No. 1 

m) 

r> 1 - 2 ;! 



1 

109 





96 

50-12 



! 

99 

52-8.1 


1 

I 

100 

50-14 

51-690 

19*34 

1 No. 2 

09 

5-2-10 



1 

ll'J • 

.54-21 




104 

52-11 

* 



100 ; 

51-91 



1 

Oti j 

52-13 • 

52-502 

19-04 

1 

j No. 3 

9;') ! 

.50-10 



I 

108 ; 

5)2-11 




112 ' 

54 -05 




98 

51-37 



i 

_.i 

.50-83 

Dl-712 

19*33 

1 No. 4 

108 

.53*42 



1 

98 

.52-16 



; 

98 

51-47 




104 

.52-85 



1 

104 1 

52-13 

.fi2-406 

19-08 


lOl'S 1 


52-077 

19*19 


This is a first-class American yara The counts ate heavy. 
The greatest variation in strength is in No. 3 thread, fr»m 95 
to 112 lbs., or 17 lbs., which is about 17 per cent on the 
average breaking strain. No. 2 thread exhibits an^'llmost 
equally wide variatioiij from 98 to 112 lbs. Tlie greatest 
variation in counts i.s in No. 1 thread, where the weight ranges 
from 50’12 to 54‘13 grains, or 4"01 grains, or about 7| per 
cent on the average weight. 
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SAMPLE J 


Twofold •tO'Si, Full Twist Twiner Viini. Egyptian Ootton. 


r 

• 




[ NtlllllMTOt 

Height per Um 
111 ]llS. 

Wi'HiJii 

111 jrrams. 

AvcriK'* 

Weight. 

(Joniit.'i 

No. 1 

109 

r.0-10 




n‘2 

52*10 


1 


10s 

r.2-i;{ 


1 


100 

51 -152 

• 


• 

100 

51 -52 

52-031 

19-21 

1 No. '2 

112 

:,2-;i 

• 


j 

104 • 

51-12 



i 

08 

^il*14 




102 

52-00 



i 

108 

52-41 

51 -936 

19-25 

) No. 3 

109 

52-00 


j 

1 

112 

5;j-oo 



i 

100 

.52-43 




lOti 

51 -:i4 



1 

105 

51 -80 

52-120 

19-18 

No. 4 

no 

52-14 




no 

52-04 




114 

53-10 




112 

53-41 




111 

53-17 

.52-832 

18-92 

_ 

107-4 


52-230 ' 

19-14 j 


TWs is a splendid yarn—one of the best in the market. 
The counts are slightly coarse. The greatest variation in 
strengff is in No. 2 thread, from 98 to 112 lbs., or 14 lbs., 
which is about 13 per cent on the average breaking strain. 
The greatest range in counts is in No. 3 thread, where the 
weight varies from 51’34 to 53 grains, or 1'66, or about 3 per 
cent on the average weight. 
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SAMPLE K 


Twofold 40V, Sitpfp Friunc. Egyptian tVHAon. 


Nuirilier fif 
KnP**! llllPIll''- 

wfiijdlit i''‘i I'-a 

III Ills. 

WnsJU 

III gi.iins 

.XnTut:'- 

Wi'i^lhl. 

No. 1 

nr. 

50*00 

, 


112 

50*41 



112 

40*:5S 



no 

49*50 



no 

r>o*.')7 

40*011 ! 

No. 2 

00 

40-i:j 



ia;5 

10*:{5 



no 

10*50 . 


i 

1 o.n 

10 ss 


; 

ni 

40*07 

19*508 

No. 3 

120 

50* IS 

' 

1 

lur. 

' 40*28 

1 

i 

108 

48*85 

' 

j 

09 

48*52 


1 

100 

•18*81 

49*206 

1 

! No. 4 

112 

5i*:iG 

1 


108 

51*21 

i 

1 

; 114 

50*65 


1 

ns 

50*05 



107 

50*26 

i 50*0()6 

r 

: ]08'0 


1 49*801 


Cuuiitff. 


20-02 


20 ' 1 « 


20-3-2 


lil-64 

20-04 


This is a special yarn made with a view to extra strength, 
the twist per inch being 21 turns. The counts are full. The 
greatest variation in strengtli is in No. 3 ihread, froifeieO to 
120 lbs., or 21 lbs., which is rather over 19 per cent of the 
average breaking strain. The greatest variation in weight is in 
No. 3 thread, from 48-53 to 50-43 grains, or 1-9, which is 
almut 4 ner cent on the average weight. 
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SAMPLE L 


Twofold 38’s, Super Fi-aiiie. ligyptian Cotton. 


• 





Number ')! 

E\i»*irimi‘nls 

Ibfukin^ 
pel lea 
m lbs 

Wnebt. 

Ill giifiiis. 

A vnrap* 
Wfigbl. 

Counts. 


• 



.No. 1 

m 

r»2-10:i 




124 

r)2'3Kl 




l:jO 

r.2-Giii 




127 

r.2 820 




i:iO 

ri2'75() 

. 52*543 

19*03 

No. 2 • 

140 

52*583 




3:jr) 

,53*012 

• 



142 . 

.5.3*100 




141 

5^1*112 




138 

52*831 

52*927 

18-89 

No. 3 

12S 

.52*143 




126 

.52*321 




132 

52*621 




134 

52*336 




130 

52*128 

52-309 

19*11 

No. 4 

132 

52*136 




126 

ri2'7,31 




124 

52*834 




120 

52*114 




130 

52*912 

52*545 

19*03 


131 


52-581 

19*01 


This is a special yarn made purposely for extra strength and 
evennass, and is spun down from QO’s rovings. The counts are 
full. The twist is = 21 turns in 40’s. The greatest variation 
in struHgllTis in thread No. 4, from 120 to 132 lbs., or 12 Ihs., 
which is a little over 9 per cent on the breaking weight. The 
greatest variation in counts is in No. 4 thread, from 52 114 to 
62’912 grains, or '798 grain, which is rather more than 1^ per 
cent on the average weight. 


1 
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SAMPLE M 

Twofold fiO’s Frame Yum, made from Egyptian Cotton. 


NamlMT of 
ExjitTiniciils. 

Brwiking 
vtriglil ]M‘i lea 
in Ills 

III giaiiis 

Averagf 

Weight. 

Counts. ! 

Ko. 1 

. 

74 

32-s:! 


1 

j 


74 

32*94 


i 


70 

;i2-8i 




74 

32*92 




74 , 

32*9f» 

32*890 

' 30-40 

No. 2 

76 

3o 2*1 

, 



74 

33*12 , 




71 

32*91 




73 

33*00 




72 

38-15 

33*086 

30*22 

No. 3 

78 

33*85 




78 

33*76 




79 

33*92 




77 

33*62 




77 

33*40 

33*690 

29*68 

No. 4 

68 

33*26 




70 

82*86 




69 

32-93 




74 

33*15 




74 

33*04 

83*044 

30*26 


73-8 


33-177 

30-14 


Thia is a strong regular yarn. The counts are full. The 
greatest variation in strength is in No. 4 threa<l, to 

74 lbs. = C lbs., which is about 8 per cent on the averi^e 
breaking strain. The gi’eatcst variation in counts is in No. 3 
thread, from 33'40 to 33'92 grains = 0 52 grains, or about 
per cent on the average weight. 
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SAMPLE' N 


•rwrifolil (iO’s Twiner Yarn. All Egyptian Cotton. 


Nmnhor of 
BxiH'nmt'iits. 

ltre.iktu}? 
WfifiJil itei lea 
Ih lbs. 

• 

Wt'iglit 

III graln^. 

• 

Avera;;!* 

Wpjglit. 

('ounU. 

No. 1 

92 

33*85 




86 

a‘2-76 




88 

32*93 




86 

32*83 




82 

32*75 

^3*022 

30*28 

No. 2 

80 • 

32*94 




83 

C2*83 




81 

32*95 


\ 


80 

32'93 



82 

32*99 

32*928 

30-36 

No. 3 

90 

33*21 




89 

33*25 




95 

33 M6 




92 

33*28 




90 

33*21 

33*265 

30*06 

No. 4 

84 

33*00 




80 

33*16 




81 

33*04 




85 

33*24 




84 

33*28 

33*144 

30*17 


86-0 


33*090 

30*22 


This is a first-class yam. The counts are full. The greatest 
varia)i*I^ii strength is in No. 1 thread, from 82 to 92 lbs. = 
10 lbs., or about 11 | per cent on the average breaking strain. 
The greatest variation in counts is in Wo. 1 thread, from 3 2'7 5 
to 33'86 grain 8 =lT grains, or about 3j per cent on the 
average weight. 
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SAMPLE 0 


Twofold SO’a Twill er Vam. Egyptian CoUon. 


1 

Niiiiilwr (il 
K.\i)oriiii*‘nt.s. 

1 

wei^l^t ,)or lea 
>n Ihs. 

Wcijfht 

in 

AvPia^f*- 1 

WMKht. 1 

{ 

Counts! 

No. 1 

TiH 

25 •48 




61 

20-Ol 





20-00 




08 

, 25-88 




00 

26-00 

25-S:sn 

38-71 

No. 2 

64 ■ 

20-13 




r.r> 

25-37 




or» 

25-20 * 




56 

25-s? 




62 

26-13 

25-7.58 

38-82 

No. :! 

62 

25-83 




66 

26-32 




00 

26-10 




0.5 

26-53 




66 

26-12 

26-180 

38-19 

No, 4 

60 

• 25’!)! 




04 

20-83 




54 

24-7.5 




60 

26-12 




64 

25-12 

25-740 

38-84 


61 

1 

25-878 

38-64 


This is a good using yarn. The counts are heavy; The 
greatest variation in strength is in No. 4 thread, from 64 to 
64 lbs. = 10 Iba, which is equal to 16j per cent. .fS'milar 
variation occurs in No. 2 thread, from 66 to 66 lbs. The 
greatest variation in A^eight is from 24-75 to 26-83 grains = 
2-08 grains, which is equal to about 8 per cent on the average 
weight. 
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SAMPLE P 


Twofulil 12(l’s Frame Yarn. A\) Kj'yptian Cotton. 


N'nmlxT (»f 
Ehi'drimpHts. 

Hrvakiti}' 
wt“ij:ht iii*i Ina 
111 I])S. 

• 

Wt'iKht 
ill f^rains. 

3S> 

Counts. 

IS'o. 1 

50 

Hi •2.5 




5:{ 

1()*45 




51 

16-62 r 


. 

54 

16-8:1 




50 

iG-;i5 

46-500 

60-60 

No. 2 

4S • 

17-18 




52 

•J7-00 




50 

16-48 




54 

16-59 



i 

52 

16-88 

16-796 

59-53 

I No. 3 

54 

17-85 




56 

17-12 




51 

16-98 




48 

16-65 



1 

52 

16-83 

16-976 

58-90 

Xo, 4 

50 

16-68 




48 

16-23 




52 

16-94 




5l> 

16-76 




51 

17-04 

00 

IN 

59-78 


51'4 


16-750 

69-70 


Tliisita 

eal^^ar 


grcatcsi^ariation in strength is in No. 3 thread, from 48 to 
56 lbs. = 8 lbs., or about 15 J per cent on the average breaking 
weight. The greatest variation in wefght is in No. 4 thread, 
from 16’23 to 17'04 grain8 = 0'81 grains, or about 4'8 per cent 
of the average weight. 
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SAMPLE Q 

Twofold 1208 Suj'er Comljed Frame. All Sea Island Cotton. 


Numbfir of 
Exiieninents. 

Jirftakiiij: 
wf'itrht per lea 
111 lbs. 

III Ktains. 

.\\i'ra;;i‘ 

Wcik'I'U 

'('iiiintt!. 1 

No. 1 


16*12 


i 

1 



16*00 


i 


1)6 

17*13 


1 



17*01 


! 



16*83 

16*618 

60*17 I 

"So. 2 

66 

' 17*25 




64 

16*43 


, 


68 , 

16*83 




65 

16 *28 




66 

16*67 i 

16*602 

59*91 

- 

No. 

68 

17*31 




68 

17*14 




62 

16*83 




60 

16*25 




64 

16*83 

16*872 

59-27 

No. 4 

66 

16*67 




60 

16*83 




64 

16*94 




65 

16*58 




50 

16*37 

16*678 

59-96 


63*6 


16*715 

59*82 


This is one of the best yarirs in the market, made for quality 
entirely regardless of expense. The counts are slightly heavy. 
The greatest variation in strength is in No. 3 thread, from 60 
to 68 lbs. = 8 lbs., or about 12^ per cent of the average breaking 
weight. The greatest variation in weight is in NoS'kdhread, 
from 16-25 to 17-31 grains=l-06 grains, or about 6 per cent 
of the average weight. » 


In looking at the general results of the testings of these 
yams attention is called to the wide variation.which the 
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(litforont sampliis of single yarn present in the’ regularity 
of the breaking strait),—tlio variation, in fact, ranging 
from 1()'5 per cent in sample K to 22 pcr^icut in’sample II. 
The l)?.st results are ohtainoil in thoA»yarns wtich are spun 
ilowiLfrom highci- numhei's, anil'which, in cnnsef]nence 
the lowei dgafts in the spinning ahd also the propoT-tion- 
ately better ipiality of the raw material for the counts, are 
i-clatively of a bcttoi- ipiality. 

The deviation presented by the single yarns in regard 
to weight or counts is not so wide as in the strength, and 
only varies from 2 per cent in sample E to 10 jicr cent in 
sample I), being most regular in the spun-down yams. 

These variations will be clearly sasn by examining the 
following table, and it will be noticed that in the first four 
s .mples the result is the^mc, viz. 14 per cent. 


I'ABLE OE STRENGTH AND VARIATION IN SINGLE YARNS, 
TESTED ONE LEA AT ONCE 


j fViuiits. I Cotton. 

! i 

i -! 


A 

B 

0 

I) 

E 

E 

0 

H 


|^ 20 « 


20 * 


20 " 

82" 

« 


40" 


60" 

60" 


All Am«‘ricau 
mule 

Egyptian and i 
American mule! 

All American j 
frame 

All American 
niulo 

All Egyptian 

I ^rriulc 

! All Egyptian 
mule 

I All Egyptian 

I mule 

All Egyptian 
nmle 


Qnnhty. 

itf 

Miinnium . 
strength i 
m Pounds. 

® iC >§ 

^ £i£ 

Greatest 
valuation 
in Pounds. { 

Variation j 
per cent, j 

Cumiuoii 

86 

72 

78’8 

11 

17 

Good 

112 

97 

102-2 

14 

14-2 


86 

72 

79-5 

14 

17 


62 

48 

54*7 

14 

20 

>. 

57 

52 

54‘4 

6 

10-5 


40 

32 

35'2 

6 

16-6 

>, 


31 

32’3 

* 

12-0 

Super 

combed 

36 

30 

33-1 

6 

22 
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If we ojmpare tlii& table with the corresponding table 
of single yarns tested one thread (it a time on p. ;i22, it 
■will be noticed tl^at there is very much less variation per 
cent. In this table tlw greatest is, as already seen, '22 per 
•cent in sample H and l(j'f> per cent in sample K, wljile in 
the single threads the greatest variation per cent is 72 in 
sample II, which is IS’s Amerjcan, and the least 23 per cent 
in sample C, which is 2C’s all Ameiican. 

It is also interesting to note what a great loss per lea 
there is in testing the yarn, arising mostly from the fact that 
the strain does not in testing the strength of the lea come 
eijually on all the threads composing it at the same time. 

Taking the averivge breaking strain of one thread of 
good American 20’s single, as shown by the table of strength 
in single yams taken one thread at a time on p. 309, at 
12 oz., then, since there are 80 threads in each lea when 
wound on to a 1 i-yard reel, and that when it is being tested 
by being placed over two hooks on the lever yam-testing 
machine show'n in Fig. .59 there are 80 threads on each 
side and passing round the two hooks, then, if the yarn 
was in such condition that the strain came equally on all 
the threads at once, the breaking strain of the lea ought to 
be 80x2x12 = 1920 oz. = 120 lbs., whereas, as seen from 
the table above, it is only a little under 79 lbs. (78'8), a loss 
of 40 lbs. or practically 30 per cent. 

In the same way, if 40’s single Egyptian is taken, as in 
sample G in the table given on p. 315, it shows the average 
strength, taken thread by thread, to be 7 oz. per thread, and 
this ought to produce in the same single yarn testV^iiv^ the 
lea 80 X 2 X 7 oz. = 1120 oz. or 70 lbs., whereas, as shown by 
the above table when* tested by the lea, it only gives an 
average strength of about 54’5, or a loss of 15'5 lbs., or about 
22 per cent loss. 
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In twofold yarns the variation in.thc breaking strain is 
more uniform, the extreme variation la^ng from" 8 per cent 
in sample M to 19 per cent in aanijile K,|, If, hdwever, we 
leave thit sanijile M, which giv(!S remarkably good testings, 
the e^trenih variation is only froAi 11 to 19 per cent. lt» 
is somcwh.it remarkable that the greatest variation in this 
respect occurs in a sujier fj-ame yarn.. In this sample, 
however, the twist is below the usual standard, and it 
W'ill be noticed that, as a rule, slack twisted yarns are 
subject to greater variations in strength than full twisted 
yarns. This probably arises from the fact that the twist 
in yarn has always a tendency to creep or run into the 
thinnest or most uneven parts of the jmrn ; and where the 
twdst is slack this i.s specially noticeable, and tends to 
produce a greater variatidli. 

With regard to variation in weight or counts, the two¬ 
fold yarns apjicar to vary nearly as much as single yarns, 
ti'e extreme variation being from 1J per cent in sample M 
to 8 per cent in sample 0. The least variation, both in 
strength and counts, occurs in sample M, which is a frame 
yarn. 

Until the author conducted those experiments, he was 
of opinion that there was a much greater difl'eronce in 
regard to the regularity in the breaking strain of single 
and twofold yarns, since, where two threads are doubled 
together, there appeared to be a much greater chance of 
uniformity, as the irregularities in the two threads would 
tend to neutralise each other. It appears, however, that 
thisyBifirntage is neutralised by the difficulty of keeping 
the two threads at a uniform tension in the process of 
doubling and putting in the twisti and which tends to 
cause one thread to wind spirally round the other, like the 
thread of a screw round the cylinder which forms its core. 
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and thus ^'hen the strain is thiwn on <o the double thi-ead 
one has more iircsiiire to carry tlihn the other. This is 
easily seen bj th«*'eye in thick counts, and specially when 
•slackly twisted. ThdA; is always, also, the dan^^oi' of single 
'snarls, which in the case of single yarns draw out, and 
are frequently the strongest part of the thread; hut in 
twofolds these sttarls, even when scarcely discernible to 
the nake<l eye, cause all the strain to be thrown on to the 
other threiul, which, being only single, gives way more 
readily. 

It seems, therefore, from these and other causes, that 
twofold yarns are liable to as wide variation as singles, 
both in strength and* counts. 

It is interesting also to note, as hast already been done 
with the single yarns, the great loss sustained by testing 
the twofold yarn in the lea as against the single thread, 
which is, after all, the more imjiortant matter. The 
breaking strain and variations in the samples tested in the 
lea are clearly seen in the following table :— 


[Table 
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table of STRENOTIT, and VARIATION IN TWOI’QJjD YARNS, 
WHEN TESTED ONE LEA i^T ONCe’ 


Uii'mlE. ^Calton. 


' I 


: j 
; K 
! L i 
I M ! 

j ^ 

; ^ 
i V 

; ' 


2/48* All Amdricau 
twiner 

2/48" j All Egyptian 
twiner 

2/48* All Egyptian 
ftaino 

2/38* All Egyptian 
frame 

2/80* AJl Egy}itian 
frame 

2/80* All Egyptian 
twiner • 

2/80* All Egyptian 
twiner 

2/120* All Egyptian 
frame 

2/120* All Egyptian 
frame 



: 1^ 

S e 

111 

4. 5.5 

111 

=155 

5 g 

S « 

Si 

• 







112 

»5 

102 

17 

17 

,, 

111 

98 

107 

16 

16 

Suprr 

118 

99 

109 

19 

15 

n 

142 

120 

i:n 

22 

17 

,, 

7!) 

68 

74 

n 

14 

,, 

: 95 • 

80 

85 

15 

19 


t>(i 

54 

61 

12 

20 

,, 

■ 56 

18 

51 

8 

16 

Super 

combed 

. 68 

59 

64 

9 

14 


It la intoreatiiig to note also, as in tho case of the single 
yarns, how much loss there is in testing the twofold yams 
by the lea in place of by tho single thread. 

Take the case of 2/40’s Egyptian twiner, sample J, in the 
above tabic, where the average breaking weight is 107 lbs. 
Looking at the Lahle of breaking weights when tested 
thread by thread in twofold yams given on p. 327, it will 
be found that the breaking weight of sample C, which is 
2/40’s Egyptian twiner, is 21 oz., so that per lea 80x2x21 
lbs., whereas the above table shows the 
average is only 107, or a loss of nearly 50 per cent. 

In the same way 2/60’s twiner ii» sample N in tho above 
table, which breaks on the average when tested in the lea 
at 85 lbs., if a similar comparison is made ought, to 
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hrciik at ^Ox2x 14J,= 2280 oz. = 142 llis,, or a loss of 
C7 Ills,, nearly 80 jier cent. 4 ’ 

llefore ’jiassin^ away from the consideration of the 
strength of 'various f«iunts of yarn it may not be un- 
jnteresting to inquire lu/.v far there i.s utilised' the_ total 
strength of the raw nKiteiial or fibres out of which any 
yarn is comiiosed. It may see'm at first sight as if it was 
impossihle to calculate the theoretical strength of a thread, 
hut if we know the tensile strain which the individual 
fibres which com|iose it will carry before they break, and 
the number of fibres or filaments in the cross-section of the 
thread, the calculation Is easily made. It must not bo 
supposed that there are always the same number of 
filaments in the cross-section of the threads of the same 
counts, as they vary very mucfi* with the nature of the 
cotton, and in these calculations the average, when Middling 
Memphis with staple, and Fully Good Fair Egyptian are 
used, has been taken. 

Of course, this calculation supposes that all the fibres 
arc sufficiently twisted into the thread to iircvcnt their 
slipping, or drawing out without breaking, and as this 
c.an never be perfectly accomjilished, we must make a con- 
siilerable allowance for this drawing-out action, especially 
in slack twisted yarns. 

In the following tables, however, no such allowance is 
made, because it was found practically impossible to arrive 
at any satisfactory data as to what percentage this source 
of weakness amounts to. Much depends on the twist in 
the yarn, and in these experiments yarns wer^^ajj^ted 
with the theoretical twist per inch. 

This twist is that which experience shows to be such that 
the yarn will finally set without curling, and when it is 
exceeded there is danger of introducing other faults' into 
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thoyani, wliicli more than take awayilie aJvanta|;e derived 
from the extra strengtJi given l)y the^extra twist, except 
for special purposes. 

Thtffollowing tables exhibit tho*iresults obtained from 

calculijtioji? and experiments on* American and Egyptian. 

cotton. ' 

AMKRICAN (JO'I’TON 



-- - - — 


• • • 

-_ • 





1 ^ "d 

(’alfillati'il 

()l)S<TV«“il 


I'cj nntOiKi’ 


Connth. 

2 j « J 

stroiiKth 

siiflijitli 

ol' IaiIuI 

Ol'tfitAl 


= %■ .1*® 

pin' ie<i III 

pi‘r Iwi III 


atrinijitli 




Ills. 

ll>s. 

utilised. 

Ifiat. 

• 

20‘s Watertwist 

280 

388 

* 80 

20*6 

79’4 


32'sMule» 

144 

240 

50 

20-S 

79*2 


40's ,, . 

120 

194 

4« 

20’() 

79*4 

■ 50's . 

92 

155 

30 

19-8 

80-7 

j 80'8 Twofold . 

ude 

500 

130 

20’0 

71-0 

1 40’-! 

225 

•;i80 

100 

26'3 

73*7 

1 50's 

180 

300 

75 

25 0 

7 .V 0 


In the Egyptian cotton, as we have already seen, the 
fibres are smaller in diameter, and we have therefore a 
larger number in the cross-section of any given thread, as 
will be observed by comparing the two tables. 


EGYPTIAN COTTON 




Calculated 

Countw. 


Hlmii'th 
(H-i l4>a in 
Ibn. 




40's jingle male 

161 

234 

50’s ,, 

12!) 

188 

fO’sJWiloid . 

107 

320 

156 

450 

50’8 „ 

240 

360 

i 60 s ,, 

200 

300 

70’» „ 

180 

255 

80’s ,, 

160 

220 

90’s „ 

140 

200 


Obaorvt'tl 

per Ilf 
llw. 


50 
38 
30 
120 
96 
88 
• 70 
60 
50 


Pcmnitagp 

of'tiital 

Pcrcctitiijje 
of total 

htrciigtii 

utilimid. 

strength 

lost. 

21'3 

78-7 

20*2 

79-8 

19*2 

80-8 

26-6. 

78-4 

26*6 

73-4 

27*6 

72-4 

27*4 

72-6 

27-2 

72-8 

25-0 

75-0 








cnAi'. 


3UU 

In looli^ng at those,tables, it seems that very little more 
than 20*per cent of the total strenj'th* of the raw material 
is utilised, whclijer it be American or Egyptian cotton, 
when it is spHin into sj#gle yarns, and that the pcrceatage of 
,h)ss increases as the yarmhiicomes liner. Ofa oarsc, in this 
large loss of nearly 80 per cent are included all the im¬ 
perfections which arise from the drawing out of the fibres, 
from the imperfections in the spinning, and the want of 
uniformity iji the strength of the raw material, which in 
the calculated strength are suj)posed to Iw perfectly 
uniform. In twofold yarns the results art rather better 
by about 0 per cent Here the jiercentage of loss increases 
as the counts become finer. In making these t&ts, in all 
cases yarns were selected spun down from the highest 
counts, and therefore made frons the same cotton—that is 
to say, the American singles were all spun down from 60’s 
rovings, and the Egyptian singles from CD’s rovings, and 
in the twofold yarns the Americjvn qualities were all 
produced from the siime roving and cotton as the 2/50*6, 
and the Egyptian twofolds from the same rovings and 
cotton as the 2/90’s. Had the yarns been spun in the 
reverse way, viz. upwards from the lower qualities to the 
higher, the percentage of loss as we reached the higher 
counts would probably have been very much larger. 

The question of the regularity with which twist can be 
put into yams is also very important, because upon this 
depends to a large extent the uniformity in strength. 

To determine this point the author made a series of 
experiments, from which we have selected fivs^l^ples. 
Four of them are the same yarns and threads, which were 
experimented upon ^pr the strength and regularity in 
counts, and are marked with the same letters, so as to 
facilitate reference. 
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The twist was determined by a* small machine made 
specially for the [tirgose. It consists of a llitiiug bai' 
graduated in inches, which carries ufoii it a,horizontal 
spindly, which holds one end of the tln'clfe, ami the revolu¬ 
tions of \\ijii(iji are registered 1^ all automatic counter. 
'I’he other end of the thread is lield in a fixed slit or vice," 
carried on a horizontal s|ii»idlo, which holds it tight and 
jirevents any twist running Cither in or but of the portion 
of the thread between itself and the end of the revolving 
spindle. The ap|)earance and structure of this machine 
will be easily understood by reference to Fig. G3, wdiich 



is a correct representation of it. The recording dial 
is double, and can easily be set back to zero without 
turning the machine, by simply releasing the milled head 
seen above the dial, when the top plate can be turned in 
cither direction and clamped to the position required by 
screwing up the nut again. When the machine is about 
to bs used the sliding bar is set to the number of inches 
require^o be measured, and the thread slipped into the 
tw»jSm and made fast. The small wheel is then turned 
round in the proper direction, and this revolves a horizontal 
shaft from which the two spindles Bolding the ends of the 
thread are driven, until all the twist is out of the yarn, 
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and the number of tuj-ns is read off the dial, which was set 
to zero f)eff)ro commencing. 

It is quite cl^r that since all doubling and spinning 
machines arfc so arra^^ed that a certain fixed ainaunt of 
.twist is jait into a certiin number of inchTs^)f yarn, if 
the material of which the thread is composed was equally 
elastic in every p.art, and cquillly even in diameter, there 
would he perfect uniformity in twist; and even as it is, 
Muth all the imperfections in this respect, if a sniticient 
number of inches, such as 100, is taken we reach a wonder¬ 
ful uniformity in results, dci)ending u])ca the law of 
averages. The author,' however, took T) inches and 1 
inch as the standard lengths for experiment, auU in each 
threiul operated upon he took those, lengths five times 
consecutively, so as to obtaitt an average of results. 
The second column in the tables, therefore, presents the 
number of turns which were present in 5 inches of yarn 
without regard to their distribution through these inches. 
The fourth column gives the number of tums which were 
present in each thread taken inch by inch. The third 
column represents the average ‘number of tums per inch 
when the turns are measured 5 inches together, and the 
fifth column the average number of turns per inch when 
the turns are measured inch by inch. 

As in the case of the samples which w.ere used for 
testing variations in the strength of yarn, he experimented 
upon a much larger number of samples than are given 
here; but as the general rcsvdts derived from the 'tests 
were very similar to those which are derived flNi^these 
examples, it would only have extended the work without 
affording additional information. 


[Table 
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SAMPLE E 

Twofold 20 8 Twiner Vnm. Made I'ronrAnmaean/lottoii. 


N'lflllH'l ti% 
K\{icimifiils 

* 

'I'akon irjclH-- 
tou'-tli-'r. 

I't'i iiifh. 

tiikf'n UM'U 

^ Oy ntc!i, 

• 

i 

• _ 

• - 


Xu. 1 


• 

• 

21 


87 


19 1 


!>2 


17 1 


HO 




80 

17-SS 

18 

Xo. 2 

81 


18 


98 


20 


• 103 


18 


100 


• 18 

1 

Hr> 

• 19i2 

• 

19 

1 Xo. ■; 

9.‘5 


21 " j 

1 1 

85 


18 


HS . 

1 

18 

1 

100 

1 

15 


Iki 

18*7>) ! 

19 





i Xo. 1 

95 

1 

18 

1 

90 1 


20 


100 i 


22 


89 

' 

10 


or. 1 

18-7(5 I 

17 



is-(i;i . 







Avpia>f«! 
jior mcli. 


i 


IS-O 


18’>» 


18-2 



^ The greatest variation in the twist taken 5 inches together 
occurs in Xo. 2 thread, from 84 to 101 turns= 17 turns, or 18 
. per cejt of the average number. The greatest variation wlien 
taken incl^by inch occurs in No. 3 thread, from 13 to 21 turns 
= 6,t.ftis, or nearly 33 per cent of the average turns. The 
same percentage in variation also occurs in Xo. 4 thread, from 
16 to 22 turns = C turns. The averajg; number of turns taken 
by the two methods and averaged for the four threads is very 
nearly equal, being about 2J per cent difference. ' 
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SAMPLE 1 


Twofold Twiner 


Made from Am^ican (Joilon. 



Numb*') 1)1 

• 

1 NiiiiiliPI of 

NtiinlxT tif 

tmii*. Ul^ii 

AvtTLK)* 

tmiis tul\<‘ii 

K\i)iriri«*nls. 

niclicH 
tot;)’Uici. 

|K-i limit. 

1 UK b ll\ IIK'll. 

No. 1 

119 


27 




! 2.*» 


128 


23 


]3r. 

« 

26 


136 

26'28 

[ -i'-i . 

1 

No. 2 

121 * 


1 

; 21 


133 


/ 26 


113 


P 27 


i2r* 


1 25 


140 

25-40 

i 31 

No. :i 

133 


! 20 


13r> 


! 25 ! 


144 


! 29 


126 


i 25 


110 

25-92 

1 32 ; 

No. 4 

123 


i 25 i 


116 


! 23 ! 


134 


i 24 


126 


i 26 


116 

24-60 

1 24 



25-55 

1 _ 

1 


Avfni^i' 

I>er 




2 C-0 


26-li 


24-4 

25*8 


The greatest variation in tw'ist taken 5 inches together is in . 
No. 3 thread, from 110 to 144 turns = 34 turns, or a^ttle over 
26 per cent*of the average number of turns. The^%l«6t 
variation when taken incli by inch is in No. 2 thread, from 
21 to 31 turns = 10 Uirns, or about 38 j^er cent of the average 
number. The general average token both ways is very similar, 
the diiference being only about 1 per cent. 
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SAMPLE M 


Twofold 60’s Kmiae Yat-ii. Mado frflm Egyptian Cotton. 


' Ninnl>er of 

'I’akon U mch(■^ ' Avftja«.‘ 

1 'skt'n nich 



! 

l*> uich 

1 

^ jicr iiicli. 

\ Is 0 . 1 

, 12s 1 

22 


4. 

i i-n 1 

2 S» 

1 

j 


• 25 



1 138 ; 

29 

j 


113 211-38 


' 2.5*6 

' K.. 

I.-iO 1 • 

•23 



132 

:i0 


i 

140 1 

28 


1 

12(1 1 

22 


! 

132 • I 26'40 

27 

26-0 


140 

22 


1 

138 j 

27 


1 

130 1 

35 



12(1 1 

28 



1110 i 2(1’40 

2 i 

27*2 j 





No. 4 

132 i 1 

32 

■ 


127 1 I 

28 



133 i 1 

29 

1 


140 j 1 

21 

i 

- 

130 1 26-48 1 

24 1 

26*8 j 

1 

1 26-54 1 

1 1 

i 

1 

26'4 j 



1 

1 


llie \ariation in twist taken 5 inches ti^ether is in 

I'lo 1 thread, from 128 to 143 turns = 15 turns, or a little above 
1 1 per cent of the average turns. The greatest variation taken 
inch by inch is in No. 3 thread, from 22 fo 36 turns = 13 turns, 
which is equal to 60 per cent of the average number of turns. 
The average obtained by the two ntetbods is very nearly equal. 
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SAMPLE 0 


Twofold 8(fs Tweiior Yaih. All Ki'j’ptiiin (Villon. 


1 Nuiiilit't I'f . Tak*;ii r» iiichi'.''1 Averat;^ 

Taken incli j Avcia''*' 

Bhpcnmviit.w. ti'ijctlK'i. 1 jn‘i mch 

by itieb. j jx'i uicli. 

1 

Kn. 1 . 170 

1 

1 

1 1 iit> 


' 578 

j 

1 ISO 

oO , ; 

' 100 ^ 

10 ;;4*t)0 

No. 2 1 IHS „ ^ ‘ 

-10 

' ll'O 

10 i 

: ir.s 

;u 

1 KIS 

2fi 

j 1(1.5 ;t 1-7(5 

;{7 :t;V20 

No. :J 17S 

2.') 


29 

! 100 ! 

•11 

i ITS 

4;; 

lt>t> ol’SI 

;{9 25*40 

No. ■! 1 ISO 

42 i 

i 170 

40 1 

{ lot 

28 

; if)0 

•20 ! 

j ISO 

i 

22 1 0:}-G0 

1 ; :j-l*7.'J 

! 34-70 




The j;realest variation tiikeii 5 inches togctl^r occurs in 
Xo. 1 thread, from 15(5 to 190 turn.s = 34 turns, or ahSit 20 per 
cent of the average numher. The greatest variation taken inch 
hy inch is in Xo. 4 tlfreud, from 2(5 to 42 turns= IG turns, or 
about 46 per cent of the average number of turns. The average 
number obtained by the two methods is about the same. 
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SAltPLE Q 

Twoiold 120’s Super Comlmd J''raiuo Yarn. Made IVoin 
Sea Island Cotton. 





• 

Axcniiifi 

i Niiiiil>i-r III 




jExpeniiifnts ^ :> indics 

1 1 lu^'i'lhci 

1 1 

lUTIIs 

inch liy inch. 

iiiinilH-r ol 
till ns. 

j No. t 

171 


38 



'IVl 


44 



210 


• 37 



•212 


35 



380 

:J!f88 

.13 

39-40 

No. X 

19;'. 

• 

• 

• 34 



108 


40 



191 


36 



190 


38 



18S • 

88-60 

39 

■ir-to 

No. .1 

208 


39 



212 


38 , 



198 


43 



204 


40 



20f: 

41*12 

42 

40-10 

No. 4 

212 


44 



209 


40 



190 


39 



188 


36 



201 

40-00 

40 

: 39*80 

_ 


39-90 


39-25 

i 


The grqitest variation in the nunihcr of turns taken 5 inches 
together^s in No. I thread, from 174 to 212 turnne=38 turns, 
which is about 19 per cent of the average. The greatest varia¬ 
tion taken inch by inch is in No. 1 thrtad, from 35 to 44 turns 
= 9 turns, or about 23 per cent of the average. The average 
obtained by the two methods differs by about 1J per cent. 
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Jn looking over these exampk‘.s it may he noticed that 
when the nniiijjep of turns pet inch are taken five inches 
together^ th« greetest average variation is very nearly 18| 
per cent, ranging indeed from 11 up to 26 per cent! When 
the counting i.s don*' inch hy iiich this vffriatipn hiicomes 
much greatei', heing 04i the average, indc(!d, ipirly twice as 
great, or 37 per cent. The rangf, i.s from 2.3 np to .60 per 
cent. Notwithstanding this, the averagi: nundjcr of turns 
which is obtained by efich of those methods is wonderfully 
uniform, since its greatest range is only 2 per cent. 

One of the most fruitful causes of iiregulaiity in the 
twist of yarns arises'from the fact that whenever any 
irregularity occurs^ in either of the threads which are 
doubled together', there is a tendency for the twist to run 
out of these thick places anil accumulate in those parts of 
the thread where the diameter is smaller. 'This peculiarity, 
which is detrimental to double yarns, is really an advantage 
in single yarns, and specially in those which are spun upon 
mules, because the twist accumulating in the thin parts 
of the thread tends to strengthen the weak jdaces, and 
thus to increase the average strength of the thread, which, 
like a chain, depends upon the weakest link. In mule 
spinning this action greatly tends both to strength and 
uniformity, because when the yarn is being delivered by 
the rollers wherever a thin place comes out the twist runs 
into it, and hy strengthening this part prevents any further 
drawing-out action, while the thick places are still acted 
upon by the gain in the carriage and drawn thinner. In 
throstle spinning the distance between the rollers*and the 
bobbin is too small to permit this action to take place to 
any extent, and, also,^hcre is no drawing-out action after 
the thread has left the rollers, except any alight extension 
which may be due to the drag of the bobbin. 
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The variations in diameter in tlic raw material arc 
scarcely less important *thiin those in Jength of staple, 
hccanse it will he evident to all that no ^legrijo ofnnochanical 
perfeflion in spinning can exorcise more than an ciiiiahle 
fmwci' of disrrilmtion of the fihres»in the thread; and if 
those vary^in tln ir thickness, unless there has previously 
been a jieifecti)’ unifoj'iu (listrihution*of the fihres in the 
roving, it will lie perfectly impossihlc to secure uniformity 
in the yarn. It may surprise .some when it is stated that 
in order to accomplish this in the spinning of fine yarns, the 
average is taken several millions of times. It is impossible 
also to leave out of account the spiral character of the cotton 
fibre, because upon this peculiarity to a large extent depends 
one of ihe charactersavhich render it possible to be used as 
a raw mat’'rial for yarn .spinning. 

It has already been seen that different cottons vary 
much, in this characteristic; also, that this peculiarity 
seems to manifest itself very shortly after the opening of 
the bell, and to be increased by the gradual accumulation 
of secondary deposits and the collapsing and desiccation 
of the fibre .dtor the separation from the seed. The 
strengtli which any yarn jiossesscs depends not only upon 
the ultimate strength of the fibres of which it is composed, 
but also ujKm the degree of friction which the surfaces 
of the individual fibres posse.ss, and which enable them to 
receive the twist of the yarn, and thus resist being drawn 
out when the thread is subjected to strain. In the case of 
wool, t^s friction is due to the serrated edges of the scales 
whiA cover the epidermal layer, and which interlock in 
the process of twisting and felting. In the case of cotton, 
the friction is no doubt due to th» twisted form assumed by 
the collapsed tube; and when the tube walls are sufficiently 
thick to resist this twisting action, or the fibres sufficiently 
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short /0 enable the twist of the tube to run lult at the end, 
by enabling the l^lire to uncoil itSfelf, the yarn made out of 
such cottort will ro(]niro more twist putting in mechanically 
in order to obtiiin the same strength. Kemarking dn this 
point, a writer' has olitcrvcd : “ ’When coltflu lilycs, as in 
the process of s])inning, *111100 ihem.sclves in the^ gi'ooves of 
contiguous fibres, the efl'ect of the tyist is, that, the greater 
the strain on the yarn the closer is the mutual grip of the 
fibres, which may break, buf will not slip asunder. 

“ Cotton fibres vary very much in the character of their 
twist, which is always present in the best fibres, though 
some inferior stajiles scarcely exhibit any. 

“Cotton wool seems, in fact, to bo made up of naturally 
formed strands, in which nature has in a great measure 
anticijiated the work of the spinner. I am not acipiainted 
with any other vegetable hair showing a similar twist, nor 
can I discover a trace of any property likely to be beneficial 
to the cotton plant itself in this remarkable structure.” 

It appears to bo an undoubted fact that cultivation 
tends to increase the amount and regularity of this twist¬ 
ing action, from whatever cause it may arise, since in the 
wild cotton which is indigenous to Africa there is very 
little of this character exhibited, and it is also noticeable 
that many of the fibres show a deimsition of secondary 
matter in the form of spiral filaments, or fibrilhe, lining the 
interior of the tube. This appears to me to be very im¬ 
portant, because it seems to indicate that the method in 
which the cotton fibre wall is increased in thicknesses really 
the same as ,is usual amongst vegetable cells, viz. by the 
accumulation of secondary deposits upon the outer pellicle, 
and that these deposits in- the uncultivated fibre may even 

' Micrtmcojnc Characters 0 / ihc CoUtm of Commerce, by Rev. 11. H. 
Higgins, M.A., p. 11. 
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iissiime the spiral form, which forms so conspicuous a failure 
in many vegetal ilc structures, anil whieji’is so markcilly 
absent in the cotton of commerce. Spi/iking on‘this point 
Mr. lITggins remarks ; “ In some of the fibres ot the wild 
cotton the liliiTlhc show a tendency IR) a longitudinal rather 
than a spii-a^ growth within the tuhe3 which in such instances 
becomes more o, less flattened or compressed, thus as.suming 
one of the distinctive characters of the fibres of cultivated 
cotton. In most of the wild fibres there are nuiuerons 
tibrilhv, having a spiral direction from left to light. In the 
flattened fibres in which the fibrillie arc disposed, more or 
less longitudinally, their spiral tendency seems to be con- 
icrted into a spiral twist of the filira itself, having also a 
direction from left to. right. A similar, but more perfect 
form of spiral twist, is one of the most prominent microscopic 
characters of the cultivated fibre.” 

While this variation in diameter of the fibres is un¬ 
doubtedly the source of great difficulty in the mere mechan¬ 
ical operations through which the cotton has to pass, the 
difficulty arising from general variations in the structure of 
the fibre, lioth mechanical and chemical, is greatly increased 
when wc have to consider that there are also in the various 
stages of the manufacturing proco.ss many chemical changes 
to be included, as is the case with all dyed yarns. Here 
the variations in the character of the fibre present a moie 
serious difficulty, liccause the changes depend upon a aeries 

of molecular actions, which are more minute and less under 

* ' 

the 



glossary 

OJi, EXPI.ANA'i'TONS OF. SOME OF THE 
TEEMS USED IN THIS WOEK 

Aclliomatic condenser. A com{ioun(l lens used for coneeu- 
tratiug the light on to the ot^ject.undor the niicro.scope. 

Affinity, (diemical pjtraction or chhesion. 

AlbuminoUb matter. Matter po.sEes.sing the .same properties 

, as the white of an egg. 

Alizarine. The red' colouring matter of the mad<ler root* 
n( ’.V oltained from coal-tar. 

Amorphous. *l*ossessing' no regular structure; like jelly or 
•treacle. 

Analysis. The hieaking up of ,a sulrstonce into its simplest 
constitueuts, so a-, to determine their qualitative or 
quantitative relations. 

Aniline. One of the colouring matters derived from coal-tar. 

Anthers. The lobes attached to the stamens which carry the 
pollen in a flower. 

Atom. The smallest part into which any elementary substance 
can he divided. 

Atomic. Relating to atoms. 

•Atomicity. The power which an atom possesses of holding 
omftir nAire other atoms in combination. 

Automatic. A machine which acts without the necessity foi 
human supervision. 

Axis. In a ph*nt the centre round which the fiqfal whorls ar< 
arranged. In the microscojil the axis is represented b^i 
line drawji centrically through both the eye-piece anc 
ojjject-glaas.* 
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• ' * '• 

Bast FibJies. 'Fibres derived ln>jn the inner bawc oi uicoty* 
kd^nous ])laii1|S. «• * • * i • * • * 

Battery. When Jil^nilied to micioscopy'si^niiies a l\ill range of 

* eye-pieces jJnd ohject-glassw?, giving a variety ul' nufgnifying 

pow*.,, • • * 

Binocular. A microsA)pe witli two' tubes aiiA i*ye-])iefes, ho 
fhat botli eyes mn l)e u»e<l for observation at once. < 

Boll. The .'ipeil-ves.^el Af*tk* cotton plant wlien «c])an(h‘d liy 
the cotton libre. 

Calyx. The outer covering or cii}> of a llow(j;i'. 

Cambium layer. Mucihigmoirs cells between the bark and 
young wood in ])lanl*. * ' 

Capsule. Tlic vessel which eontains the HCc<l,of the jdant. 
Carbonising. Method of oitraction of colUm and vegetable 
t> matter from wool by the action of acids. • 

Carding. One of the cayly proc-esses in .''pinning eotlon, draw¬ 
ing tlyi fibres throngli tine wire^tfcth li.\ed on rollers 
revolving at dillVrent speed.s or u}ton llak. 

Card-room. The room in a mill where the process of preparjj- 

• tion by carding is canied (Jij. 

Carpel. The leaf forming the ])i>til of a flower. 

Catalysis. The induced chemical action wliicl! one substance 
jn’oduces upon another witliout undergoing change itsfif. 
Celluloid. A substance made by mixing and incorporating 
nitro-cellulos(? with camjdioi-. 

Cellulose. The chemical substance of whicli the cell-wall in 
plants is composed. 

Cerosine. Wax prepared from the leaves of tlie sugar-cane. 
Cbemicotactic. Directive action resulting from variation in 
chemical composition. • 

Chromatopbores. Pigment cells contained in the nucleus of a 
living cell. 

Clamping arc. A portion of a circle on the microscoiie with* 
screw to fix it in a*y position. • 

Coarse adjustment. That part of the microscope by which the 
first focussing 9i the object-glass on to the object is accom- 
plislied. ^ 

Otllodion. A solution of«gfii-cotton in ether and alcohol. 
Colloid. A substance which will not crystallisg. 

Combing iflachine. A machine fo% selecting the fibres o 
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cotton of uiiiforiu leiigRi and cleaiftinj; tli 4 ini from 
•n^jtnnical impurities 

Complementary colon? me remaining coloin-ft in an-icam oi 
lighf which are necesRary totfiiake whit^ liglit. 

Cop. *T1mj yarn afi’umulttted on the Kpindle ufeaniulet^r twiner 
in a conioo-tYlindrical form, and reii^:>ve<l when tlic spindh* 
• is fiuit. 

Cvolla. Tl»e pet 'Is of a llnwei’. 

^Coryplia cerifera. Tin- ‘*itnjiuha palm. 

ConnllK. When apjdicd to yarn, means the lelativc tininess of 
the thread. ^ 

Cross-dyeing. Tlie process of dyeing llie warp hefore weaving 
' ainj ilie weft afterwards, or the reverse. 

Cuprammonium. ^ A solution of <' 0 }>pL*r o\ide in ammonia. 

Cytoplasm. The whole of the lii^uid contents of a living cell. 

Crystalloid. A metallic or organic sahstance which }) 0 .sscsses 
the })ower of crystallising. 


Denticulated. Having teeth like a saw. 

J)dSiccate. To dry u}i. 

Dialyser. A membrane which jioasesses the power of allowing 
c-'rt:i n suhitances in solution to jiass through it, while it 
|iejecl‘' others in the same solution. 

Diameters. When applied to microscopy, signifies the number 
of times that a linear inch is magiiilicd by the eye-piece and 
<d>ject-glns8 in use. 

Dicotyledon. A ])lant who.se seed is divided into two lobes. 

Dhollerah Cotton. A class of East India cotton. 

Drawing. In cotton spinning, a process which arranges the 
fibres in parallel lines by passing them through rollers 
rnnning at different speeds. 

Sndocbxome. The colouring matter within vegetable cells. 

Epiderm^ lay^r. The outer layer or skin of a fibre, or other 
organism. 

Eye-piece. The top part of the microscope^o which the eye is 
applied, ancT which can be removed at pleasing to increa.se 
or diminish the magnifying pdl'oi'. 

Rogen. A plapt wdiich grows by additions made on the out- 
flidj; of the trSuk. 
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Fibrilla* TIfe stiaiida or inTiuitc chain of eclls forming 
•secondary dcj^osi^^ 

i^ine a^UStmenU The arran^eiTienl Ity which tire final focus- 

♦ sing of till} objccl-glass istaccoinjdishcd in the niftroscope. 

rinishilti’.^^ Th# last process to \\Jiicli textile fahrits are sub¬ 
jected, so as to srt’aighteii out and improvl tlie surface. 

Folhcle. A ejie-like inversion or involution oj the skii. 

• 

Germinal cells. ( VIU in tin* ]iroc?fr* of growth, or fi-oni vAich* 
ottier s arc springing. 

Ginning. The mechanical proce.s.s by whi^h the cotton fibre 
when ripe is separate<l from the seed. 

Goniometer. An instrument for measuring small angles. 

Gun-cotton. (N)tton whicii hy ste.Gj)ing in g strong solution of 
iiitro-sulphuric acid ha% become explosive. 

Gymnosperm. The active germs upon which fertilisation 
depends in plants. 

Homogeneous. Possessing one unilorm molecular structure 
thrwighout. 

•Hot finishing. Tln^ procew of forming an artificial gloss upoif 
the surface of goods by the use of hot rollers. 

Hydroxyl. The substance ])roduced by the flnion of a single 
at(*iu of hydrogen and oxygen. • 

Hygrometric. Relating to the degree of moisture in the air. 

Incinerate. To burn to ashes. 

Indigenous. Native to the country. 

Inspissated. Dried up. 

Inverted pendulum. An instrument for measuring small 
vibrations. 

Kemp. A solid structureless fibre w’itliout internal tube. 

Kier. A large iron boiler with a false bottom used in 
jirocess of bleaching. 

* Laminated. BuSt up in layers. 

Lanceolate. Pointed at each end. 

^ps. llolTs of cotton fsof; which the carding engines are fed. 

Leicestershire hog. The first clipjiing of wool from*# 
Leiedttershire sheep. 
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Leuco-compmmds. UodieB ^?llicll coURiite Uit wLiuli 
VJi§» brought into confael«»vith tjitj «ygeu of the air 
throw (ilwii insoluble precipitates wliichiare coloiifed. 

Ligneous? "Woo'l-like—wood tiUres hj the Item*of a ]>laiit. 

Linear development. Gmwth in a straij^t all 

round. 

Lustra-eelMose^ ArlifK^ial silk ibres made ^nun dissolved 
uitro-celkilose. 

• 

Madder. A jdani from whose root tlie red eulouring^iuatter 
called alizarin^ was formerly extracted. 

Malvaceae. A natural order of plants, of which tlie mallow is 

^ ^ a ts])e 

Mercerising. SuJ^jecting cotton iil)re.s t<i the action of strong 
caustic sodiu ^ 

Metabolic changes. Those which occur in tlje develojmient 
of living organisms and whiduresiiJt in the differentiation 
of th»* various oT^jgis. 

Meteorological. lielatmg to weather and climate. 

Micrometer. An instrument foi' measuring the diameter of 

• very >mall objects.' 

Microscope. An instrument fi>r magnifying small objects. 

Microtome. A^ instrument for (uitting lliin sections. 

Millbbard. TliicK cardboard jdaced between the folds of cloth 
during the process of ])ressiug. 

Milled head. A screw with the edge or circumference of the 
head cut into grooves likit the edge of a sovereign. 

Mohair. The hair from the Angora goat. 

Molecule. The smallest portion of any compound substance 
in which the peculiar chemical properties of the body can 
^ inhere. 

Monochromatic. Pos-scssing only one colour. 

Monocotyledon. A plant whose seed has only one lobe 

Monocular. A microscoj^e, witli which only one eye can be 
used ft on9i\ 

Mordant. A reagent wbiuh forms the bond of union between 
the fibre and colouring matter. 

Mule. A machifie for sjunning yam, in which spindles 
are placed upon a carriage %ihich draws out from 
rollers wheq the yarn is spinning and retur"" to them 
whgp the yam is beii^f wound on to the cop. 
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Murexide. A rtcU purple cofour obtained by *11)0 action of 
•nitric acid iijfon'ijric acitj. * ‘ 

tR'eps. Short •imifatniv Hbr^s or portions of taiiglgd broken 
mature fi))r^. 

Nucleus., **riic germinating part of .ui organic (^dl. 

Nueelius. The geiminuting part of the nuehms. 

• 

Object-glase. The enuill ^:om]Kiuud leiiB wliiclf first receives 
the rays of light from the ohject under examiiiatio" 

Objective. A shurt mime for the oliject-glass. 

Oleaginous, Of the uatiue of oil. 

Ovary. That part of a,phiiit in ivhi^di the seeds are contained. 

Faiacbute. The hairy portion of a seed ^liicli enaliles it, . 
lie distrilmled hy tlic imtion of tlie wind. 

Parapectic acid. A Jirodiiet derived from pei^tie acid. 

Pectic acid. Tin* geiiytiiums acid formed by tiic decomposition 
of puctia, which is found in ucarlj-,all vegetalile substances. 

Pellicle. A tliin transparent nienihrane. 

Pistil. •Tlio central axis or innermost whorl of a flower. 

* Pitch of screw. The distance at which the tliroads of a_ 

are a]iiirt from eacli other. 

Placenta. The cellular part of the carpel or%atrix, to which 
the ovule is attached. * 

Plumbic iodide. A combination of lead and iodine. 

Plexus. A tangled mass of fibre. 

Polarised light. A ray or rays of light, in which all the 
luminous vibrations are either in one plane or in two 
planes at right angles to each other. Oirciilar or ellip- 
tieally polarised light is when the plane or planes of 
ixilarisation are rotating round the axis of tlie ray ui a 
circular or elliptical form. 

Polarising prism. An ohliipic rhomb of crystal used for 
polarising light. , 

Pollen. The fertilfciiig dust secreted or jjfenerifted on the 
anthers of a flower. 

Polysepalous. Si secd-ves.scl having many divisions. 

Preparing*machinery. Kcutcliiug and card-i-oom machinery 

* np to tlie roving frtn^.s. 

Protoplasm. The primitive matter whicli^fprms the structflre 
of cfflls and is the physical ha^s of life. * 
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Reagent, •a. clieiuical subsimw used to»act iipo^i another 
• s^l^tance as a test of it# jiaiftre. 

Reticulatei. Net-lik#, ut)fen like a liet. ) 

RoYing.» Tlie .soft tluck thread^out of whi^b j^im is spun in % 
^rar^c or mule. ^ 

Rules of tliuiab. Practical, not tbec^cticai, recciyis for any 

pj^cess. 

%lininanti^ 'iVrimals wbidi cliuw^ljc cud 

Sdlt^feitzer’s solvent. An aunuoniaca] solution of^)xide of 
copper. 

Secondary deposits. ^The substance dej^osited upon the 
piiinary cell-wall. 

Septem. A tlii% porous layer between two li(iuiils or gases 
through wliicli they transfuse 

Sericin. Tht* chemical .sub.stance of which silk is formed. 

Setting of yarn. Storing yani in a place till the curl is 
taken out of it, 1^ steam pi-es^iure for the 

^sani'. purpose. 

Size. A paste of Hour, starch, or other stiffening substances, 
wbrel' is used to give streiigtli to yarn previous Inweaving, 
or ii. body to tlie cloth. 

Snarls, S.nalT curled J)laces in yarn. 

Spiral structure. Secondary deposits on the outer cell-wall 
m a spiral form. 

Stage. That portion of the microscope upon which the object 
is placed for examination. 

Stamens. The stalks or lilaments Avliicli carry the pollen- 
bearing anthers of a llower. 

Stereoscope. An optical instrument for two eyes so as to 
obtain tbe effect of seeing a’\ object from two angles as in 
ordinary vision. 

Stigma. Tbe summit of tbe pistil of a flower. 

«6wift. That part of a wrap reel or reeling machine upon 
whi?h th? yarn is wound so as to fcrm the hank. 


Tannin. An gstringent substance found in oak and othei 
barks. 

Techmcal. Relation of art to mamnai^tures. 
technologist, 'fine who applies science or art to manufactures 
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Tester. ^ inathiBe for testing the strength of yoni. 

Textile. Woven 

Throstle A spinning frame, wits iiytt, or ring aifJ traveller, 
p*" wliich spinf. oi#to a bobbiji. 

Trinitro-wilulos^. Gun-cotton. ^ 

Twist-testeT/ A inii#lune for testing the nw^ber of twists 
#r tiiniR in a thread of jjpun yarn. 

Ultimate fibres. The simplest piW'^ of an organic structure 
wh^h can be bcparated without destroying tlie o|ganic 
structure altogetlier. 

Uniou trade. ^Hie trade in mixed fabrics, fnadc usually with 
a cotton warp and worsted or woollen welt. 

Viscoid. A trans])ar(*nt Ixxly obtained ^Trom viaco.se by 
extracting tlie soda withVatcr. ^ 

Viscose. A cellulose compound formed by treating soda- 
(•{dliilose with carbo?l-di^vllphide. 

• t* 

Warp. The yarn which runs in the direction of the length of a 
# piece of goods. * > 

Water of hydration. The water whic.h forms an integral 
portion of the structure of a body. c ^ 

Weft. The yarn which runs across the warp from side totside. 
Worm-wheel. A toothed wheel driven by the revolution of a 
screw or worm, it»to the threads of which it works. 

Wrap reel. A machine for winding yarn otf cops, or bobbins, 
or hanks, and measuring the length of the yam. 

Yarn. Fibre when spun into thread. 

Yam-tester. A machine fur testing the strength of yarn. 
Yam-twter —Moscrojfs automatic. A machine for testiifg 
single threads. 

Zero. The point on any scale of measurement fryn whiclf 
numeration commences. 
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Actifcu ot bleaching on fibre, 2158 
c1il(>r‘uc Oil aniline colours, 282 
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hypochloutos, 288 
mordant on liliro, 438 
strong alkalies, 201 
water upon cellulose, Ms 
weak alkalies, 200 
Adjustment of micrometer, 88 
of yarn-tester, 306 
African cotton, 287 
Ageing, 407 
^izarine,434 
Alkalies, action of, 199 
Alumina,#34 t 
AIi}minous lakes, 434 
Amber dye, 429 
American cotton, 15, 279, 287 
action of, 201 * 

Ammonia, absorption of, 201 
Ammouio-cupric solvent, 213 
Analysis of celluk^, 137 


of cnUiuriiig matter, 218 
cotton !vsh, 249 
cotton samples, 251 
cotton wax, 248 
• dyeing processes, 888 
Aniline blue, 419 
•ar^n. 421 

IVnTmal filnvs, 19 ^ 

Artificial horsehair, 1.56 
iudianibber, 175 
indigo, 424 
parchment, 154 
silk, 187 
surfjwes, 487 
AsKistos, 28 

AnPmiatic yani-lcster, 808 

Balance, 338 
Knowles’, 340 
Bengal cotton, 287 
process of. 288 
Benzo-purpiirin, 416 
Bleaching, action on fibre, 233 
Boll cotton, 95 * 

Botanical relations of cotton, 68 
Bouniartj’s experimentH, 218 
Brazilian cotton, 278, 286 
Bud cotton, 97 

Calculation of counts, 295 
(.'arbonisiHg, 152 
Caniauba wax, 24^4 
^Upe of colour, 3^ 
"irregularity in yarn, 292 
lustre on fibre, 38^ 
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Caasf of affecls. in„ily?infe 440,444 
('ansti4‘ HOtla, action of, ,^^9 ^ 

Cell I'onleiits, IJIO, 24ri»- , 

walls, snueture of, l|:32 
Cg^Rnlokl, 177 ^ 

Cellulose, 137 
action of wiyt'i'r on. 148 
molecule, 138j 143 
jmrtf, 147 
(Vrosine, 390 ' 

CljardoiiiK't’s jiideess, 187 
Chevreurs tlieory of (lyeiuffi 31'o 
Cliloriue, Action ol, 232 
(.dirome yellow, 429 
(’itri<; aciil, act ion of, 197 
Classification of filuea, 12 < 

cottons, 274 
dyeing processes, 38S 
Collodion, 173 
preparation of, 173 
uses of, l7o 

Colloids, 410 ^ ' 

(toloiir, natm;^‘of, 3S0 

Colouring matter. 243, 439 
in til>re, 243, 138 
^ji.nalysis of 244 
Congo red, 415 
Cotton, African, 28JI 
Anier’can, 15, 279, 287 
Aracata, 2HG 
ash, 249 
Anstraliaii, 280 
Jlengal, 287 
Idooiuing tune, 49 
holl, 95 

Brazilian, 278, 28G 
Brooch, 287 
brown Egyptian, 277 
bnd, 77 

Ceara, 279*280 


cell, 89 
clo-sses of, 65 

classiticatiou of fibres, 110 
Coniptah, 287 ^ f 
cultivation, 45, 69 
Dharwar, 287 i 
Dhollerah, 287 
diameter of fii'ies, 121 

brown, 2/7, 2o« 
„ qallini, a78, ‘286 


Ciilton, liRyptiiiii, whjte, 2f7; 286 
‘ lilirc, 89, 100 
. • .. ^t^^lcture of, 101,4aQ i 
/iji, ‘186 
rioritla, 286 
rtower td, 50, 78 
giMvth of, 47 
gun-, 169 
Haylian, 286 
Hingungliat, 2i.>l, 287 
histoiy of, 43 

impioveineuts in, 68 

Indian, 281, 287 
mtlueiice of elinuitc on, ■ 

I kemjis in, 42^ 

liii (irayraii, 286 
lamination id fibi'es, 107 
length of libcjf.s, 121 
jMaceo, 286 

M adras, 287 „ 

magnified fibres, 102, 1 
Maranham, 286 
mature,,115 
ininenVl constilneiits of, 
mobile, 2*87 
Natal, 237 
nitrogen in, 248 
oil, 239 

oil in filuie, 239 
Oomvawuttee, 287 
Orleans, 287 
I’ariaba, 286 
I’eruam, 279, 286 
I’eruvian, 278, 286^ 

,, rough, 278, 

,, smooth, 278 

pliiuting, 48 
l>od, 95 
Rangoon, 287 
iiio Grande, 288 
Sciude, 287 
8ea Island, 274, ji86 
sections of pod, 70 
sections of fibre.-s 94, 

119 

seed, 92 
Smyrna, 286 ^ 
species of, 66 
Surat, 281, 287 
Tahiti, 286 
Tiuiuvelly, 
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Cotton, Tvxaa» iiS7 
Upland, 287 
VefnAl, ^87 
wax, 239 

Westeit xMa.lj'!-!--, 287 
wliilf 278, 28*) 

wflil, 7* ^ # 

(limits of yari* 295 
(Voss-fiyein^, 431 
Cfiuii’s experimeiu- 4-14 
Wii'-ory of dyeing, 392 
Crystals iu libre, 429 
Onpraiurnoiiiuni solntiou, 213 
(liiprjc salts, action 212 

cxperiincuts, 107 • 

Dead cotton, 113 
Defects iu dyeing, #10, 411 
Dcuitruting proct'ss, 194 
Desiccuti'^u of fifcn', lid 
ofcottoii, 117 
Develoimieiit ol fibre, 87 
Dharwar cotl n, 287 
DlioUcrah col ton, 28? 

Dialysis, 410 

' Du Viviti > process, 192 
Dyeing cmiditious of, 385 
tli-‘OM ,or, 

Pyt^ cbis.itication of, 393 

Effctit of scasoiis, 270 
oH iu fibre, 239 

water on nitration and solu¬ 
bility, 167 
Egyptian cotton, *274 
Klectrical action, 241 
Endoclirome, 248 

Exi>erinienls on sli’engtli of yarn, 
• 288 

Experiments on twist iu yarn, 

866 

Fat, 289^ 

Fibres, clSsifi,. Aionof, 12, 110,273 
diameter of, 267 
fracture of, 268 
kciups iu, 112 • 
length of, 126, 273 
mohair, 23 
sections of, 94»,119 

silk. 26 


Fibres, strongtb^f, 265. 266 
• viiriat^mof, 269 * 

»Fip w»Jt(*i,v8l) « 

Filaments, eLctric-liglivl57 
Flax, 16, 411 • 

' Florida cotlom 286 «• 

Klowci^of cotwn plf\jt, 50. 78 

(fvllini i-otton, 

b’as*absolution ol#201 

niiinlK'S. 1.58 

(rcnml results of tests l#r slrciigtii 
ol yarn, 322, 333, 3.59, 363 
(Jcnml results of tests for counts 
of yarn, 312 

(b-ueral results of tests for twist in 
>arn, 369 
(liu, 54 

iSinning, damage by, 56 
(iossy]num Arboronni, 66, 282 
Harbadeiisc, t57 
•'Wetl rcfUin, 66 
Ilirsutum, 66 
Pcniviannni, 67 
lleligiosum, 282 
Sandwichensc, 286 
Tabitenso, 286 
(>r.aliain’s ex}ierinients, 410 
(iiui-cotton, 169 

I fairs, 24, 154 
Hank iu coUjui, 295 
Ilaytian cotton, 286 
Dumj), 17, 451 
Herbaceous col I on, 65 
llingungbfit cotton, 281, 287 
Hydrate of alumina, 4S4 
Hydration, water of, 253 
Hydrocellnlosc, 150 
Hydrochloric acid, action of. 156 
Hypochlorites action of, 437 

[mmatiire fibre, 112 
Imperfections in dyeing, 440, 444 
Impuriticf^n slice, 443 
Indian cotton, 281, 287 
Indigo blue, 424 • 
artificial, 424 


Jute, 17, 451 
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Kcmj)s m ]i*^, 
c 

' 

La Guayrau cotton, 28^ a ( 
Likes, 43^’ 

i-fl-J^in cotton, 295 ^ *'■ 

Lead salU of, 215 
Ulmer’s proccf.-, 192 
Lenoo-pnipoliiids, 424 
Liglit, polarised, lOo 
inoiiochronmtij‘,'3S4 
]K)lyflirojnatic, 383 
Limit of spinniI^^^ 292 
vision, 380 
Lnstra-celliilose, 27 
Liihtre on liltrc, 381 

Muceo cotton, 28t> 

Mjulnis cotton, 2vS7 
Ma}jnif)iiig jioMiT, 35 
‘ Maivacea', 03 
Manufacturing', science of, 289 
Maranliani cotton, 2Kfi ‘ ■ 
Margaric aciif, 243 
Measutvinciit oftiLros, 129, 273 
Mercerised yJirn, 221 
effect of dyes, 420 
(dastioity of, 230 
lustre in, 223 
strength of, 227 

Mercerising process, 219 

improvements in, 231 
M«m;r’.s experiments, 201, 219 
Metliod of fraidnre of Hbres, 298 
Metric system of eonnts, 296 
Mierometer, 37 
adjustment of, 38 
Microscope, 32 
Mici'oseopic jjower, 35 
Mineral constituents of cotton, 249 
acids, action of. 151 
colours, 428 
fibres, 28 

Mobile cotton, 287 * 

Moliair, 23, 454 
Moisture iu cotton, 252 
kordauts, action of, 43Sf - 
Moscrop’s yam jester, 303 

i,* I, 

Neps in cotton, 111 
New crop cotton, 240 
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j J^ili’ie acid, 160 , 

I I Nitn»gen m cotton, 248 
o N';trp-sulj>linric acid, ae^tiorttof, 174 

I Oil in fibre, 239 
O’Neil’s cxiHirmienfs, 109 
OoiiiVawnttce cotton, 287*^ ' 

I Oig.mic acHls, jictionSif, 195 
j Orleans cotton, 287 ' 

j Oxalic acitl, iw'tioh of,,197 
' Oxycjfloridc of iron, 485 
OxjgcK, alisorption of, 20] ^ 

I'anitba i otton, 286 
raiallel-wirc niTerometer. 37 
I l*archiin<iit paper, 154 , 

1 Pend 1 al ion of colouring matler, 408 
I i’cniam cotton,(.279, 286 
. I Peruvian c.otton, 278, 286 
' Polarised light, 165 
Preeantious in tesling yarn, 336 
Preparation of fibres, 39 ^ « 

l*rintiplt^ of sjnnniiig, 291 
I‘rotoplasm, 132. 245 
Pyroxyln, 169 

Itaraie fibre, 18, 451 
Itaugoou cotton, 28,“. 

Ran materials, nature of, 5 
classification of, 12 
ilcsirable qtialities, 6 
Regularity of counts in yam, 312 
strength iu yarn, 309 
twist in yarn, 369 
UelatioD of animal fibres to colour* 
ing matter, 389 
Relative length of fibres, 121 
strength of fibi-es, 265 
Representation of fibres. 126 
Rio Grande cotton, 286 
IJipening of fibres, 287 
Rough Peruvian, 278, 286 

Samples of yarn, 30*0 '■ 

Sand in cotton, 250 
Saxony wool, 19 
.Se,ales on wool, 1 9 
Si liweilzer’s solvent, 213 
Science of nianiif'octnring, 289 
Sciude cotton, 287 
Sea Island c<)ttr(i^*974 
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SeaHona, ett'ecl^of dittercnt, 270 
Sea4 of endocbrome, 'IW 439 « 
SecojArfy «i^|K)sils, 102 ^ •> ^ 

jii their relation to dyein^^ 389 
Section ofUbres, tM. il9 
Si rrj^tionH on 'vool, 19 
Settinj? of yari}, 240 
Shrinking of colour, -135 
^ilk, ^ructure of, IT)! 

"•lungtii of li’»re, 25 
jwrface of, 20 
Siugfliiig, 233 
size-pni'ifv in, -MS 
Single-yarn destcr. ;j|)3 
Smyrna cotton, 280 
■l^lid s|»iril, 199 
soda action of, 201 
Speeiea of cotton, W 
Spider’s 'Weli microinetcr, 37 
Spinning ot • (>tt7>D, 291 
C(^»red < oUou, 447 
Spiral fibres 104 
foriii of filn 1 )5. 115 0 
Htrejigtli of fibres, 2i)4 
Stripping of warps, 414 
Stmctiire ol-cMbilo.se, 143 
cotton, If*’ 
cotton po-! ^ 
ll^iuated, 197 
silk, 20 
wool, 19 

Sugav-c:i;.e wax, 242 
Sulphuric iwi*’ Oidion of, Ifil 
Surat cotton. 281. 287 

Table of counts and weiglit, 297 
diameters of fibres. 123 
length of fibres, 124, 126 
square roots of counts, 301 
strength of fibn's, 261 

„ yaniH, 288, 322, 359, 
863 

Tahiti c(^on, 266 
Tannic add, acuon ol‘, 196 
Tannin in fibre, 432 
Tartaric acid, action of, 145 
Technical educatitn, 71, 447 
Tester for strength„303 
twist, 867 

Testing-houae st|i^rd, 25$ 
Texasjjotton, 287^ 


ThLoretical sirength fti yarn, 364 
> iwist i»5»>ru, 301 * 
^'I’licoryjoVl^eing, 378, 387' 
Tiiinivelly cotton, 287 
^Topping of^-arifs, 427 
''I’ransverse section oV» fibres, 94. 

119 ^ 

1’ree cotton, 282 * 

Trinitro-ctellulose^ 169 
'I'rorfgl ion’s inieroipeter, 37 
Turkey red, 435 
Turuie.ric yellow, 414 j 
Twist in cotton fibre, 116, 375 

Unchanged juices iu fibre, 132. 
'’245 

Union trade, 415 
UnrijK? cotton, 112 
‘^Upland cotton, 287 

\i.ar^il^ara silk, 27 
Variation in counts of,yarn, 442 
diameter of fibres. 128 
tibivs, 110 
length of tibres, 27^^ 
ripeueas, 113 

strength of varu, 288, 294, 
309 

twist in yarn, 368 
Varieties of cotton, 273 
Vat dye.s. 433 
Vegetable cell, 129 
tibres, 13 
l>arc1iiuent, 1.54 
Veravul cotton, 287 
Viscoid, 211 
Viscose, 203 
preparation of, 206 

„ auliition, 207 
use of, 208 ' 

Visifui, limit of. 379 
Volatile substances, infliieiice on 
dyeing, 44t 

Water iu#oltoii, 252 
of hy'dration, 253 
Wax rollers, use 0 ^ 441 
mh n cotton, 239 
Weight of counts, 297 
fibres, 121 
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Wests ■ 

Whits ^ 

WiiiU' iiul^o, 424 k 

Wi^d cotton, 75 
Woo\y structure of, jn. 
serration^wi. 21 
Saxony, 22*^ 

\Vni|i SL'cl, 


1 farii, mercerisetl, 227 

• ,, lustre ill. 223* 

strength of, 288# 
weighing of, 337 
Yarn tester, 303, 335 

Hiyustnieiit of, 30»i 

^ • 

Zinc salts, action of, 21.5 
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CHAPTER XU I 

TllEOKY OF DYEINO 

While the mecluinieiil form of the cotton fibie—viz. its 
length iinil diameter and the varying dili'eronco.s which arc 
exhibited hy the fi1)re.s derived fl'om different sjieeies of 
cotton—as has been already seen, influences to a large 
extent the character of the yarn into which the fibres are 
miule, still this influence is only nieehanieal. It affects 
the strength of the yarn and the elasticity, and also the 
particular character which the yarn possesses, \ iz. fulness 
or loftiness, as it is termed, which mean.s that the thread 
has a larger diameter relatively than the fibres themselves 
have when taken collectively, arising from the fact that 
some fibres, such as Surat and coarse Peruvian, have a 
mechanical structure which resists torsion more than the 
Egy])tiau or Sea Island fibres. This results in the yarn 
being less dense, as the fibres when spun and twisted do 
not lie so close together, but take wider cui-vos round the 
central axis of the thread and leave hirger space^batween 
them. They act indeed in the cajiacity of stiffer springs, 
which cannot be so closely compressed, and although this 
property diminishes the strength of the thread will) the 
same amount of twist in it, yet it makes the cloth feel 
378 
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moro full .ind springy in projjortion in the weight, wliich is 
an advantage in mant (dnths. 

The inochanical properties of the tlyea'd ,do i«it, however, 
infliwnco its rehition to tlie after treatnienf in regard 
to dyeing aiM finishing, exccjit in, regard to the capac.*ty 
wtiieh such mechanical airangcuicnl of the molecules in 
the fibres con.'ers npqn ft to receivo dyes, or to present 
difi'erences in the character of the reflecting surfaces after 
they are dyed. 

It has also already been seen that tlie nature of the 
surface' of the. fibre greatly inflinsnces the lustre of 
the yarn, because although in* the malinary condition of 
the fibre the wrinkles and irregularities on the .surface are 
not \ i.sihle to the giakod eye, still, with such processes 
a.s rrerceiising and <frying \inder' tension, which emooths 
out tiie iuec|ualities, the lustre of the yarn may he greatly 
increased, arising- from the fact that the light is less 
diajjorsei! The size of these inequalities, as well as the 
molecular nature of the cellulose layers composing the 
fibril wall, which is also mechanical, must and docs influence 
the character of the light which is leflected from the 
surface, and the impression which it will make upon the 
eye which receives it. 

Limits of Vision. — There is a dispute amongst 
physiologists and microscopists as to what is the exact cause 
of the mechanical sensation of light, in its relation to the 
mechanical structure of the retina of the eye, with its 
successive layers of rods and cones and ganglia, and as to 
theatheoreiical limit of vision, which is known practically 
to vary in each individual case. Those who have worked 
with the microscope know how,difficult it is to distinctly 
resolve lines which are ruled more than the iDj-^th of 
an inch apart, or the nineteenth band on Nobart’s test 
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p]atD, jvher(! the lin«s arc 112,00(.) to the linCSir inch, and 
that with llic h^st instruraentpf ifiiil best metho<ls of 
illumination amj tliejiso of monochromatic light, the limit 
of vision is'soon reached. The |)robal>le limit for ordinary 
vkion is not smaller tfian the „th of linoi^r inch, 
altlnmgh with an educjited eye and jn'oper ill|imination, 
and with a high-afiglcd objective* two jxn-tions of an 
object separated by a distance of i-,,,,',,, th of an inch can 
be .seen. This is, liowever, enormously larger than the 
diameter of fluid molecules, or oven many solids when 
precipitated front their solutions by chemical means, tllso, 
as already noticed, no microscopical powtw reveals to the 
eye the mechanical texture of the outer sheath or ])elliclo 
of the cotton fibre, or oyen that of the intercellular layer 
of the fibre. The utmost that can bo done so far is to 
be able to discern the stratification. 

Nature of Colour. —It is a common error to suppose 
that colour is objective, an attribute of the body which 
appears to the eye as coloured. As a matter of fact it is 
entirely subjective, as there is really no such thing as 
colour as an attribute of any substance. The sense of 
colour is entirely derived from the nature of the undulations 
of the all-pervading luminiferous ether which are returned 
by radiation from the surface of the body, which appears as 
coloured, and in which the length of the undulating wave 
detei-mines the specific character of the colour, and the 
amplitude of the undulations its intensity. The reason wjiy 
bodies, therefore, appear to be different in colour is Realise 
the surface ha< a specific molecular structure, which enifbles 
it to radiate undulations of a specific w’ave-length and 
corresponding amplitude, end all dyeing processes are only 
a metliod of giving a new reflecting surface to the substance, 
so as to enable it to select a specific order of radiations 
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from the polychromatic rays of ligjlt 'which fall upon it, 
and reflect only thosw to the eye while ahsorhiiig the rest. 
Sunlight is composed of an almo.st iiltinite .niimher (d 
difl'cBiig wa\ e-lcngths, which wdien they fall all together on 
the retina of^tho eye give the sensation of white light, and 
vi'hen none are present the sensalion of hlaek, which is only 
ihe ahsence ' f any rayS. If the light from the sun is 
])asscd in a particular direction through a jirism of glass or 
other refracting material, or permitted to fall upon a stirface 
which i.s ruled with a .series of very fine parallel lines, at 
right .mgles to these lines there is produced an almost con¬ 
tinuous laind of e.olour, which is.termed the solar spectrum, 
in which the varioits cokmr.s always stand in the same 
rolati'e order, whitdi is determined by the wave-length 
and the number of ifndnlations per second. This is the 
same order as they appear in the rainbow, in which the 
sequence is always—violet, indigo, blue, green, yellow, 
oranvfc, and red ; the violet rays being those which are 
mosi 1 “fracted or bent out of the straight line on jiassing 
through the jirism, and the red rays the least. The nature 
of the solid or liquid medium forming the prism also aflects 
the degree of this bending, because some substances have 
greater refractive power than others, which de))ends upon 
the relation between their molecular stnictnre and that of 
the wave-length of the vibrations i)assed through them; 
and also in the non-transparent substances the power of 
reflection from the surface dejtends on the degiee of 
penetration of the rayis, within the surface, before reflec¬ 
tion, iTd which may be termed surface transparency. We 
have already seen that the lustre of cotton'dejiends upon 
the reflection of light from the plane surfaces of the 
collapsed tubes; and wherever these plane surfaces are 
broken up or wrinkled, either by mechanical or chemical 
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mBiins, the ligtit is .(I'lSporsed in every direction, instead 
of being reflethed'in a sheet to theoyt, like light from the 
surface of .st,MI water,jand the fibre then looks dull and not 
silvery. ' 

.There is also a gnyt difference in the 'rairsparoncy 
of the fibres of difi'erenk cottons, which arises from the 
specific differences in the methods ip wdiich the cellulose 
layers in the cell-walls ai’e arranged, and which will be 
Oiisily scon by the use of iiolarised light. This difference 
the author has found to have a remarkable effect upon the 
power of the fibres to receive bright colour in dyeing, as it 
evidently determines the depth of light-penetration within 
the surface of the fibre, and varies the rel.atioii between the 
amount of light returned by internal, and j)urely surface 
reflection, which are us'u.ally of twd different orders, as 
may be clearly seen by analysing the rays thrown off from 
the surface, at right angles or any other angle, with a 
spectroscope. 

In the case of examining single fibres, when dyed, it 
seems generally that a large ])art of the colour is derived 
from internal reflection, although undoubtedly there is also 
reflection from the surface of each speck or flake of dyed 
material which lies in succo.ssive layers of th(! cellular walls, 
which, however fine the .division of these flakes, act as 
reflecting surfaces like motes in dusty air, reflecting sun¬ 
light to the eye. When, however, the fibres are associated 
in a thread, forming a twisted strand, there is always a 
comparatively largo (piantity of colouring matter associated 
with the fibres and loilging in the spaces between the fibres 
occasioned by the twist in the yarn, and which can never 
be entirely removed by wj.shing, and from these surfaces 
the largest part of the coloured light is reflected, to some 
extent modified by the internal reflection from the surface 
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fibres of the threiul and the angle aV which the light is 
reflected, which determinej the'amouiit of wliito light with 
which the coloured light is associated rWicn it reaches 
the ey% ' > 

Polychromatjc Light. -The colour which a body will^ 
ajipear to* be dcjicnds, therefore, ui_)on two functions and 
not one. 'llic first is the nature of tin) surface itself, and 
the second the character of the light which falls upon it. 
Wher. the molecular structure of the surface of the body is 
such that when white light, which is a mixture of all wave¬ 
lengths, fells u])on it, it will suppress all undulations but 
’(hose of one definite wave-length,,and return those alone 
to the eye, there is a pure monochromatic colour, whether 
yellow I'C blue oi' red, or whatever it fliay be, depending on 
the molecular structure»of the .surfitce. It will, however, 
depend on 1 he nature of the light also, because if the light 
which is falling U|iQn it does not irossess the wave-lengths 
which it is best fitted to reflect, or if they are few in 
numbei, the colour will appear dim and unsatisfactory. 
From physical causes, connected with the nature of the 
atmosphere of the sun and earth, the rays of white light 
received from the sun do not contain every wave-length, 
and some colours are therefore absent, and the sjiectrum 
of the sun, when examined through a jirlsm by the aid of 
a spectroscope, shows a disruptive and not continuous 
spectrum, the rays and colours which these absent rays 
would give being represented by dark spaces known as 
FraUlihofer’s lines, from the name of their discoverer. All 
colourj, fflerefore, arc not to be found in sunlight, and this 
limitation is also much more marked in miAiy artificial 
lights, such as gaslight, and this is the reason why the 
same goods look different colours and shades in sunlight 
and gaslight. This is also the reason why the matching 
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of shades cull onlj' \|ie done in suiilij'ht, and even then in 
diflused sunlight, and not "in liright light. All colonis 
visible to the eye arc found in the electric are, or the 
o,\-yhydrogen liglu, or in many incandescent Imrners 
depending on the tcnijicratnre and nature 0 / the railiating 
surface, -which greatly iiiHuenccs the proportion of the 
colours, and hence,the iieculiar cITect prodneeu on the eye 
when coloured bodies are seen with those variou-s sources 
of illumination. 

Monochromatic Light.— If the light under which a 

hod,v is seen only possesses in it one .set of rayo;, or is a 
monochromatic or one-,colourcd light, then all bodies, 
however varied in colour when seen in ordiiairy dj^ light, 
cease to have any di#liuctioii e,\'eept heiug darker or light 
varieties of the .same’shade. Thk, may easily he proved 
hy viewing a hox of various shades and colours of silk 
rilihou, or a iiatleiii-liook of dyers’ coloui's, or a set of wall 
pa) lei-s hy’ means of a flanie of alcohol imiircgnated with 
common salt, which gives oft’ only the characteristic yellow 
light re|iresonte(l hy the I) lines in the solar siioctrum, 
which are in the brightest ])ortion of the yellow band. 
t\’ith this light alone it is ini|)ossible to tell any of the 
colours from the others, however distinct when seen under 
ordinary daylight, all colours, from the brightest red and 
blue and green, only appearing as various shades of a 
yellowish grey. The entire absence of red rays gives the 
face of the observer the appearance of that of a coip.se, and 
the look of the eyes is very singular. 

in practice, ami with suidight, or even artificiS' light, a 
perfectly nufuochromatic light is impossible, and the light 
which is reHected from any body will always, when 
examined with a spectroscope, give a band which has an 
appreciable width, showing it is composed of rays of 
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different decrees of refnuij'ibility, if rfbt, ns in many eases, 
a discontinuous or disrupted liand, wliiclf shows a more 
varied rcfrangibility in the rays un<l a* Ijjss .degree of 
inonoeUroniaiism. 

Nature of Dyeing. —The olijeet <,if dyeing is, tlicrcforu, 
simply the pnidnetion on or witliin.lhe surface to be dyed, 
wlicther it is a 'ibre, or a tltread, or a jiieco of cloth, or any 
other material, of such ;i. molecular condition a.s will rellect 
certain luminous \va\ e,-lengths, whether by internal or 
surface! rcllection, ainl supjiressor destroy by neutrali-sation 
others. Thi.s, it has been found, can be accomplished in 
many ways, the moan.s enijiloyed being varied to suit the 
different substjinces which have to be dyed, and their 
[ihysicai condition at tl^e time. ' 

Conditions of Dyeing, rerfcct dyeing must fulfil 
the following conditions, and must re.sult in— 

1. Cleanness and distinctness of colour, whether it is - 
a full 01 half shade which may be desired, so that the 
rays ol light rcHccted from the surface may be as far as 
possible all ol one kind, or of such an as.sociation of 
kinds as will give the .«ame uniform sensation to the eye. 

2. Permanence or fixity of colour, so that the retlectiug 
character of the new surface will remain unchanged, and 
will not, therefore, even after a time, alter its molecular 
structure so as to vary the character of the rays which 
are reflected, and so alter the colour or shade which was 
originally given to it. Of these two conditions the latter 
is far the most difficult to attain, and specially in mixed 
fabrics^wlieu more than one material is em]iloyed, such as 
mixtures of cotton and wool and silk and other fibres, 
because i t isJ ar more difficult to p^-oduce the same shade 
in one th^nn the other, and often entirely different means 
have to be employed. It may bo .said indeed that no dye 

2 C 
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is perfectly permm(ci.t, but fades or cbaiigcs to some extent 
under the Vilryifii' conditions to ivliich it is subjected in use. 

Impor?;anfe'of Investigation.- Investigation as to 
the na'turb of the dyeing process sboulil take into account 
the differing cheniica! constituents of the cOtton fibres, in 
different seasons and luidcr varying I’onditions of ripeness, 
for it is evident, from what has ijlready been seen, that 
these Biibstances must be factors in the process to which the 
fibres will be subjected in the dyeing, if the piocess is to 
be scientifically conducted. It is (juit(^ evident the cotton, 
which is one element, and that which it is pniposed to 
colour, does vary greatly in both mechanical and chemical 
characteristics, and that in jnactice this must' influence the 
action of any' other niaterials with which it is niwessary to 
bring it into conUict, and that if tficrc is action there must 
also be reaction, the nature of which is of the highest 
importance to the technologist to understand, so that he 
may modify his process to suit both the material and the 
dj'e, the mutual action of which must necessarily he 
reciprocal if the process is a chemical one. 

Simple and Compound Dyeing.— Although dyeing 
seems to the uninitiated to be a simple process, it is by no 
means so. There is a great difference in the quality of 
colour as well as the shade or colour itself, and this depends 
not only on the intensity of the surface coloration but 
upon the method of rcfiectiou also. .Tust as in music the 
same note has a different quality if sounded on a brass or 
wood instrument, a different “ timbre, ” as it is ^called, so 
the quality of the colour on any fabric depends upon the 
nature of tlie coloiu-ing matter and the surface which is 
dyed. The same colouring matter does not give the same 
quality of colouring upon mercerised and unmercerised 
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Clin be dyed with simple colours, tJiiit is, with a ^ 10110 - 
chromiitic dye, the (jliiiKty of the saiije kind of colour 
can he improved and heightened hy tjie u^ oft(‘om|)OUud 
dyeing, in which more than one colour is emiJoycd to attain 
the desired sllade. 'I'his arises frun the fact that none 
of the colours at our disiiosal ar# perfectly homogeneous, 
hut arc the 1 . suit of cutnpound reflections, and if analysed 
with the S[)cctrosco])e arc found not to consist of a simple 
baud of colour. 

In dyeing textile fibres, therefore, most of the colours 
are piodliced by comhining together si-veral dyes, “mode” 
colours being, as a rule, general!^' obtained hy comhining 
together yelTow, red, and blue, the character of the dye¬ 
stuffs Ijoing such as ;vill mi.x together and [lossess good 
equalising properties, ttiat is, even distribution throughout 
the fabric without cloudiness. Care has, therefore, to he 
taken to select the dyes to be used from such classes as ' 
will wck well together, and these are generally found in 
the same group, whose affinities are similar. 

Theory of Dyeing.— The rationale or theory why and 
how the desired reflecting surface is obtained hy what we 
ordinarily call the fixation of colour upon various fibres or 
fabrics is a matter of doubt and controversy, oven to the 
greatest authorities, at the present time. It was supposed 
at one time hy some chemists that between the colouring 
matter and the fibre there is a true chemical combination, 
and that the change occurs in equivalent proportions. 
Others ^lieve that the combination arises from a special 
action, in which the usual chemical equivalent proportions 
do not obtain, being modified by the catalytic action of 
the fibre. Others are of opinion d'hat chemical action has 
little to do with the matter, and that colours are fixed 
upon or within the surface of the bodies hy molecular 
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attractjon alone, vvJiiSt some again think thii± the action 
is altogctlier'mechanical, amf that tile colouring matter is 
ahsorbeil into t(je‘pops and cells of the fibre, and held there 
simply as if pigment might be enclosed in a glass botlJe. 

• Summary of Thetjries. —These various « >pinions may 
be arranged under thpee heads, and summariscil as 
follows:— 

$ 

1. That the fixation of colouring matter, however 
produced, is accomplished hy an allinily or attraction 
between the colouring matter and the fibres in the same 
mannei’, but differing in degree from tfie ordinary ohemical 
cond)ination which occurs'between unlike cliendcal bodies 
in wliicli an insoluble colour or “ lake ” is produced. 

That the fixation of colour does not depend entirely 
upon any chemical affinity which 'may pert.'dn between 
the fibres and the colouring matter, hut also upon the 
mechanical structure of the fibres or fabric, rvhich by 
absorption, within the structure of these, fixes the colour 
and forms a reflecting surface, the degree of fixity 
depending on the nature of the colouring matters them¬ 
selves, as well as on the degree of mechanical stability 
within the fibrous structure itself. 

3. That there is no chemicid relation or reaction 
between the fibres or fabric and the colouring matter, bat 
that the successive layers or walls of the fibres simply 
form so many envelopes rvithin which the dyo-stnfl' is 
deposited, and that the colour is entirely dependent upon 
the nature of these colouring matters themselves, wKich 
form the reflecting surface, and the permanency or'^tajulity 
of the colour upon the degree of permanency in the 
colouring matters, and tlje amount of mechanical shielding 
which the stnicture of the fibres or fabrics yield to them. 
Chemical Theory of Dyeing. —The first of these 
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tbeolics maj’ be considered ,iis a j)flr*ly eliomical ^)nc, in 
which the ()roduction*of*a dyed siirface^'s the <lirect result 
of a reaction between the substance of 4 the fibres that is, the 
inatefSals composing it, and the materials of the various dyc- 
stntl's, ajid tl'is theory was strongjy advocated in the last 
centiny by.llergrnann, Macipicr, Veraoz, and I'hcvrcul, and 
in the eentur v before by Diifray, and there is much to be 
arid in its favour, since it is i|uite clear that if all the various 
changes which occur in dyeing arc the result of ordinary 
chemical reactions which are within the control of the 
chemist, the power to act is at once put upon a satisfactory 
basis. ' 

There is no doubt that the evidence for a purely 
chemical theory' is much stronger iu regard to the dyeing 
of animid til'ces, such as wool and silk, than in the case of 
cotton and the cellulo.se fibres generally, because the latter 
are far more chemically inert, and possibly a larger share of 
the ; cactive effect must be put down to the unchanged or 
inconipletclv changed cell-contents within these fibres than 
has usually hcon considered due to them. It has already 
been seen that true chemical compounds are formed with 
pure collHlo.se, and that it is particularly oiicn to changes 
by hydrolysis, which render it more amenable to chemical 
reaction when it is brought into contact with either acids 
or alkalies, and these are just the changes to which it is 
subjected in dyeing, cjuite apart from any unchanged cell- 
confents which may be associated with it, and it is those 
changes.* as in the case of mercerising, which largely 
increSse the capacity of the fibre both in jegard to its 
absorbent qualities and the amount of colouring matter 
which it can retain when subjcctod to subseiiuent washing. 

In the case of cotton, which may be regarded as a 
hydroxyl compound, it will necessarily possess acid rather 
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than alkaline propc-^os, and this is in accordance with 
what is found 'to be the case • if* there is a chemical 
reaction iij thj (fyyng process, viz. it dyes best, and is 
therefore ilsually dyed, in an alkaline or neutral airj not 
as acid bath, which (jeem.s to indicate that tlie^o|)po.site 
affinities of acid and alkali have a part in the reaction. 

In the case of wool, which is a puieh more complicated 
substance chemically, and which contains as a ])art of its 
composition boilies whieb arc both acid and alkaline, there 
is no doubt whatever that the reaction is chemical, as, for 
instance, when it is dyed with a colourless scd’ition of 
rosaniline base the wool "itself is dyed as with maf;onta, 
or when dyed with solutions of the hydrochloi'ides of basic 
coal-tar colours the sal£, according to 1,’rof. Kuocht, is decom¬ 
posed by the wool acting as an acicT, which decomposes the 
salt, and after combining with the liase leaves the whole 
of the hydrochloric acid in the solution. The same 
characteristic action is also observed in the mordanting 
of wool, where in some case.s it absorbs and fi,ves the basic 
elements in the mordanting bath, and leaves an excess of 
acid behind. 

The great dill'erencc in the complexity of the molecule 
in cotton, silk, and wool may he seen by looking at the 
typiavl formula! for the composition of each :— 

Cotton (cellulose) 

Silk (i;erocine) . 

Wool . . 

wbicb is an albnmo-inoteid-gclatinous liody. 

The second theory may be termed the 
Ghemico-mechanical theory of dyeing, because it 
recognises that the pow^r to receive and to retain the dye¬ 
stuff depends not only upon the chemical constituents 
of the fibres and their chemical association at the time, but 
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.also upon their nieehanieal structui*!, jinU that for a full 
and correct knowledj^) of any dyeing (Jperation it is as 
necessiiry to study the physics as the*‘chomiatry of the 
reactisn., 

Modern researcli is indeed continyally tcndinj; to narrow 
the dividing line hotween all thy different branches into 
which scinnt'tic knowledgft has hitherto been classed, and 
to consider all changes which matter undergoes, and th(! 
moans by which these changes are effected, as purely 
physical, and that both are subject to the same laws of 
mass a«d dynamics, modified only by the distances at 
which they act, tlie nature of tlie conditions, and stability 
of their motions. These laws must necessarily be varied, 
wbcii it is remembered that in the^reat majority of cases 
iioth the substance to Bo dyed and the. dyeing materials are 
put under conditions in regard to temperature and moisture, 
as Well as one. of them being in solution, which are 
eminently favourable to determining change in each, and 
that care has always to be taken to prevent the physical 
properties of the material to )>o dyed, such as strength and 
flexibility and lustre, being in any Wiiy altered, and there¬ 
fore that this mechanical texture must act both in regard 
to capillary action and molecular entanglement upon the 
dyeing solution, exactly the same as if it was only a fluid 
possessing the same physical properties. Thi.s theory is 
probably the one which is now the most universally 
accepted, and which may be said in most cases to give the 
most rational explanation of the phenomena, and will 
acooiifit fur the action of both simple and conydex dyes. 

The third view, which is a purely 

Mechanical theory of dyeiijg^, was advocated during > 
the last century by Ilellot and Le Pileur d’Apligny, who 
may indeed be said to have been its authors, and was 
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poworfiilly SHj)i)Orte<l' Ijy Wiiltcr frum, in his rcsearclies 
on tlie (lyenii; 9f cotton, si«!ciaHy*in rcgiird to tlie j)ro- 
(liiction 0 ^ Tiyk'ey^red. "Witt’s tlioory (■htif. Sue. l)>/m 
mid )i. 173) partially supports tliiw view 

Uy considering the sujjstanco of the fihre ifs more or less 
soliil solvents, which t^tract the colouring inatter from 
the dyeing solution, just in thJ s^nie way that ether will 
extract resorcin from its aqueous solution when shaken 
up wdth it. 

Amongst other points Crum bases the thciory of purely 
mechanical action upon the following phenomJna, and 
says: “ If we only consider that chemical action necessarily 
involves combination, atom to atom, and con&quently dis¬ 
organisation of all vegetable structure, and that cotton may 
bo dy'ed without injury to its fiftre, and that the fibre 
remains entire when by chemical means its colour has again 
been removed, wo shall find that tlie union of cotton with 
its colouring matter must be accounted for bj' otherwise 
than by chemical affinity.” 

It will be seen that this theory fixes the attention 
almost exclusively' upon the completely transformed cell- 
contents, and docs not take any account of the more active 
and unchanged elements, and regards the cellulose layers 
as simply’ absorbing membranes W’hich act as dialysers 
under the ordinary laws of endosmotic and cxosmotic 
action, and no doubt this is to a largo extent true in regard 
to the action of adjective dyes, the colouring matter of 
which may be regarded as jirecipitates within ^ho fibre 
walls in which lakes are formed. This also was the« view 
taken by Miiller Jacobs,' who regards all dyeing processes 
as entirely based upon tljcse actions. 

Perhaps the best general theory of dyeing is that 

^ Textile VoliivriM, 1833. aiul Jtntrmil Sue, Baers uml Col,, 1885-86. 
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advanced by tlic eminent Frenchman ^lievrcul, who after 
giving a lifetime to tl«j subject summed up the results of 
what li<! ladiievcd to be the action in dyeiX^ ys: 

1. Uy i.homical affinity. 

2. liy simple ini-vture with tin; iibres. 

•'!. Bv l)cing in both states at once. 

]!y the faster statemeift he evidently liid not meiin 
that the same matter is in both .states at one and the same 
time, but that there are cases where the colour of the fibre 
is partly due to the union of the (flouring matter with 
the fibre,‘and partly to the presence of tin; same colouring 
‘nnittei’ ill a state of mechanical mi.\turo with the material 
forming the cells of the fibre. 

I’lohably, indeed, no gi;nei-al thediy of dyeing can be 
formed which will inclnfle all cases and all classes of fibre 
until there is a much wider knowli;dge, based upon careful 
experimental research in many individual cases, and which 
alone uin form the basis for any extended generalisation. 

It must be also remembered that in every ilyeing 
jirocess the results arc ilependent u|ion two functions and 
not one.—there is the fibre to be dyed, but there is also the 
dye to dye it, and the nature and action of this ily’eing 
material, whether it is derived from mineral, vegetable, or 
animal sources, or produced artificially, cannot be left out 
of account when studying the phenomena. As these dye¬ 
stuff's differ in their origin they also differ in their chaia(;ter, 
and their classification may be based therefore upon various 
metliods, depending upon the standpoint from which they 
are viijweJ, a.s, for instance, their origin, in which case they 
may be divided into two princi|)al groups:— 

1. Natural dyes, which are mostly the products of 
organic life, such as coloured vegetable infusions and ex¬ 
tracts. These do not, however, usually exist in the plants 
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as coloured bodiA, Jjnt as potential colouring matter, or 
chrofiiogens; as .they have llceii termed, because they must 
undergo a procols of fcrnioiitation and oxidation in order 
to bccoma colouns^ as in the notidih; case of indigo, 

^ 2. Artificial dyes, which are the products of chcmiciil 
synthesis, siicti as most of the coal-tar products, and which, 
as the science of orginic chemistry becomes more fully 
known, seem destined to supersede all the others, as in the 
case of artificial indigoand alizarine, whiith have substantially 
replaced natural indigo and madder. 

Viewed in i-elation to their action, Bancroft, in Ws Tredli-v 
(III, Pernumeut Ciilimr, written at the beginning of the last* 
century, divided them also into two classes. • 

1. Substantive dyes, or those dyes which will dye the 
fibre directly and witfiout the inte*'ventiou of any mordant 
or fixing agent, .such as indigo extract, chrysophenin, or 
benzopnrpurin. 

2. Adjective dyes, which will only <lye the fibres when 
they are treated or mordanted with a metallic salt or oxide, 
which, when added to the dyeing bath, or where the fibres 
have been previously treated with it, fix the colour upon 
and within the fibre in a permanent form, as, for example, 
logwood, alizarine, cochineal, and fustic, which when used 
along with iron, alununa, chromium, tin, etc., produce 
intensely coloured lake.? within the substance of the fibres 
which are (piite fixed and permanent. 

In some cases the dye-stuff oidy yields one class of 
colour, whatever mordant may bo used, whereas others 
yield a series of colours where different moi?lan|s are 
employed. And the former class, amongst which may be 
named magenta, orchil, indigo, etc., have been termed mono-' 
or autogenetic dyes, n^dle the latter, which are mostly 
adjective dyes, like those named above, have been termed 
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polygenetic. This is the classification j^djptcd by Hummel 
in Ilia work on the DijeiiV} nj TeSiik Fabrics Ifi7). 

A third methoil of classification may !(lso be adopted 
which ii^baaeil upon neither the origin noi^constitution tif the 
dyeing materialii but upon their method of action- -that ij 
to say, the means or method which^has to be employed to 
bring them into union with the fibres. 

1. Acid dyes. 

2. Basic or tannin dyes. 

fi. Substantive or direct cotton dyes. 

4. Moftlant dyes. 

.h. Vat dyes. 

G. Dyes fomied or developed on the fibre. 

7. Sulphide dyes. 

It has already bfeen Seen that so far as cotton is con¬ 
cerned its relation to any dye-stufl's is much more passive 
than that of either wool or silk, and that most of the 
dyeing ojierations are conducted in a neutral or alkaline 
and Hot an acid bath, and in their relation to cotton, dyes 
may be said to be of three kinds. 

1. Those which arc coloured in themselves, and which 
may be termed simple dyes, having a direct aflinity for 
the fibre without the intervention of a mordant, such as 
turmeric yellow, and the rvhole scries of artificial direct 
dyes, such as Congo, benzadine, diamine, etc. dyes. 

2. Those which arc true chemical precipitates formed 
within the walls of the fibre, in which the action of the fibre 
seem’s to be purely mechanical, of which such colours as 
Prussijn tlue, indigo blue, etc., and chrome yellow are 
examples. 

3. Those where a mordant is necessary, and the colour 
is not produced by the simple union of the fibre with the 
colouring matter, nor by the formation of lakes within the 
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tiieshcs of the by the union of the immlant with 

the fibre aiul fhe reaction of the tnordanted fibre and the 
dyeing lyateyal^ of whicli the most important are Turkey 
red, sevluvil catechu dyes, and in a secondary degree 
Jogwood lilack and ajl the tannin «iycs. 

Altliougli these threefold methods of action of the dye¬ 
stuffs in relation* to the inalcr4ils to be dyed seem to 
indicate considerable differences in the method of operation, 
still, a careful examination of the nature of the classified 
<lyc-stuffs seems to indicate that the mutual relations of the 
members of each ckiss, in regard to the fibres and to 
themselves, depend more upon a single ])roperly held by 
them in common than upon their actual composition. 
This apj)ears to he*, their acid o|; ha.sic (jiialitics, or, in 
cases where both, as resulting from the composition of 
the dye-stuff, arc present, upon the relative balance of 
the tw'o. 

General Relation of Dyeing Materials. —Thus all 
the acid dyes, whatever iiiaj' bo the specific character of 
their acid properties, and from whatever acid derived, 
behave in regard to the fibres to which they are applied 
in a similar manner, because the acid property is generally 
due to the presence of sulpho-, nitro-, and hydroxyl groups 
in their composition, of which the last arc n.snally the most 
active, and their action seems to indiciite only differences 
in degree and not in kind. 

In the sjinie way all basic dye-stuffs, whether azo¬ 
compounds such as ehrysoidinc, or triphe|jylmcthane 
derivatives such as magentii, as a conse<jucnco of*one or 
more amido groups which are present in each, and upon 
which their basic aeticjp depends, exhibit more or less the 
same pigmentary character. 

All the substantive dyes indeed, in this relation, 
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contain more or less basic and acii| groups in their 
composition, and are tluig iiide ft) react rvitliout 'the aid of 
aniorilant upon any fibre or other materia'/wliieli eonlaiiis 
in itself sithei' of these properties, and ii# then' relation to 
the dyeing of ecAton it is (pdle clear that it is the basic^ 
constituents in the dyes wliieh react with the hydroxyl 
groups in the cellulose, With regard J,o cotton dyeing 
the same remark also appfics to adjective or nioi'ilaiit ilyes, 
in which the reaction evidently nut only depemls ui)on the 
acid character of the hydroxyl gronp.'i, but idso n])ou the 
nature ani> arrangement, of the groups themselves witliin 
die celhdose molecule. If tliis ivas not tl)e oise tlie 
eaiBicity of ;i «lye for fixing with mordants would be 
ini-rea'-ed and rot dimiiushed by tlie ftresenee of .strongly 
aeiil sulpho-groups, whieli'is not the case. 

Wit.i tnose general rcm.-irks it is now pos.sible to 
consider the general principles of the relation between the 
dyeing process ami the mechiudeal stnicture of the fibres 
to be oyed. 

Process of Dyeing. —Whatever the nature of the 
fabric to bo ilyed, or of the dye-stuff to be used, the 
universil practice is to present the dyeing materials to 
the fibre or fabric <lissolved in water or other menstruum 
either cold or hot. The ilyeing process arises from the 
absorption of the dyeing material in solution into the 
substance of the fibre. 

From whatever cause this action arises, the absorption 
always proceeds in one manner, viz. the dye is absorbed 
more ry)idfj' at first and gradually diminishes until a 
point is reached where no more will be witluftawn from 
the solution, however long the material to be dyed is 
retained in the bath. This .action may be represented 
graphically by means of a curve drawn ui)on a chart, in 
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which one dimei»iiivn represents time, am} the other the 
quantity dr percentage of matcrtel withdrawn from the 
solution., TJifs curve difl'ers for every material, and 
generally for ev'ei^y class of dye-stuff, in most eases the 
,nlisorbent action is ^increased by raising ^.he temperature 
of the dye bath u|) ,to the boiling point. There are 
cases in wliich, if the i(uantlty,of dye is small in pro¬ 
portion to the (juantity of material to be dyed, the 
whole of the colouring matter will be extracted from the 
solution. As a rulo, however, a portion of the dye always 
remains in the hath. ' 

There is a point, hnwever, reached, in the ease of alf 
fibres, in which a maximum of effect is attained and beyond 
which no further a*lj.soq)tion takcp place, and it must be 
■specially noted that the first portions of the dye, which 
are absorbed the most rapidly, are always the most 
|H!rmanent and fixed, on and within the fibres, which seems 
to indicate that in some way the jiower to absorb decreases 
the longer it is exercised, as if either the affinities become 
saturated or some other mechanical change occurs which 
hinders the absorption by filling up the pores. It is found 
also that all fibres absorb relatively more dye in proportion 
from dilute than concentrated solutions, and that under 
these circumstances the attachment of the dye to the fibre 
is more fixed. Whenever dye-stuff has been absorbed by a 
fibre it can never be again entirely removed by washing 
with cold or hot water, even if the dye is completely 
soluble in water, which shows that the dye, although it 
has undergone no change in chemical compositionc has in 
some manner changed in regard to the solvent by its 
absoqition into the terjture of the fibre. That the charac¬ 
teristics of the dye within the fibre are unchanged can be 
proved by the reaction being with other bodies exactly the 
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same as possdSseil by tlie dye-stuff ksojf with the jiime 
bodies outside the tibi%. • Thus dyes containing a free 
amido group can be diaxotised on and within ^he Jitire, and 
converted "into more complex azo <lyes*by coupling with 
idienols and amthes; and very dark d;yeiiigs with niagentaj 
metliyl violtit, ami similar dyes wjll bronze exactly the 
same as outsiuo the fibn* *l'lie dyed fflire bcbavcs in all 
respects like a salt of the dye-stull'. 

It has also been found that where more than one 
dyeing material is used in treating a fibre or fabric the 
^absorption exercisfid in the case of one is quite independent 
of the others, or of the order in tv'hich they may be made 
to come into ’action, so that since their action is quite 
sepal ale it is iniiiiaterjal whether they are made to act 
successively or at one anti the same time. Care must also 
bo taken that they are not of such a character that they 
react with each other, and so either form a new combination, 
which is soluble in the solution, in which case the new 
substai le would act independently, or cause a precipitate, 
in which case they would be removed out of the solution 
and so entii ely cease to act There may, it is true, be a 
difference in the time element between them, but in any 
case it is necessary that the material to be dyed shall 
remain in the solution sufficiently long to enable equilibrium 
to be established in regard to the distribution of the dye 
between the fibre and the dyeing solution. 

Georgievics (Chmkul Tedmologtj, 1002, p. 132) suggests 
that this ^relation between the definite absorption of 
the fibre and the quantity of dye absorbed^ in relation 
to the quantity remaining in the dye bath, after the 
saturation of the fibre by the dyi^is complete, points to 
a general law, according to which our dyeing processes 
should be conducted. 
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I^W of DistribHtion. —In Icf^ard to llris he leiiiarks 
as follows ■ " 

“ This, hehiiviour of dye-sUiffs in dyeiiiff must be based 
on some'dcHnite l5iw, which inaj’ be, asc(!rlaiiK)il«})y the 
({Uaiititative examinijtion of the distribifi,ion fif a dye 
bctwi^cn the fibre and tjie batli, 

“ l!y determining how inii(;li''dy/: has been taken u|i by 
tbe filn-e, and how much is left in the bath, and calculating, 
from these data, what quantities of dye are contained in 
e()ual weights of the fibre and the bath li<|Uor, we obtain 
two values whicb may be expressed as ('/ (fibre's) and Cb 
(bath). The (juotieut is termed the coeHiciont 

of distribution, and its dimensions depend tm the nature 
of the dye-stulV ami fibre, the tem|ieraturo of the <lyeing 
process, tind the concentiation of the bath li({Uor in relation 
to the, amount of fibre treated. The rule is, that the 
coefficient of distribution slowly sinks as the concentration 
of the bath increases. If this diminution of the coefficient 
be actually quite uniform, thou, for mathematical reasons, 


the expression 


■t/Vb 
V cf 


must ])03se.s8 a constant value 


independent of the concentration. This is, in fact, actually 
the case in two instances, viz. the dyeing of silk w'ith 
indigo carmine at boiling heat, and the dyeing of mercerised 
cotton with methylene blim in the cold. 

“ When it is considered how varied are the circumstances 
and factors coming into play in these two dyeings, and 
that a gradual reduction in the coefficient of d'stributiou 
is also noticed in numerous other instances, there will be 
no hesitiition in according the above expression the 
dignity of a law, which, however, for reasons which cannot 
be argued out in detail here, only applies in its full extent 
to light medium colours. The aforesaid peculiarities of 
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the dyeing process find their prcci^ci niatlieiiiaticiy ex¬ 
pression in the formula^ 


'I 


C// 

cv' 


: K, wdiicli is a i^nistant. 


“This js tlic*law of distrilmtioii, luid from this it will +lo 
seen that tli* vahie of the root sign x iiflbrda a measure of 
the affinity of the dyerfor the fibre, alid naturally varii's 
for dilferent dyeings, being greater in projiortion as the 
ainnity of the dye-stuff for the fibre increases. 

“From this law follows the pradlically important fact 
,that the absoi-jitwn of the dye, specially those that are not 
taken up readily, is primarily dependent on the volume 
of the bath liquor. It would, therefijre, be more correct to 
anpottion the weight of the dye taken to ihe volume of 
the hath liquor, and not, as is usually the practice, to the 
weight of the goods to be dyed.” 

d.lthough this’ law undoubtedly holds goml in some 
case, there arc a number of cases in which it does not 
express the relation, and it cannot therefore be taken as of 
univeisal apidieation. 

For perfect dyeing, in addition to the projiortion of 
the dyeing materials being correctly co-ordinated to the 
material to be dyed, it is also requisite that the material 
shall jiossess the necessaiy recejitivity, and that it shall be 
prepared in such a manner that this quality shall bo placed 
in the best condition to receive the dyeing material. The 
meaps by which this can be accomjdishecl must therefore 
receive attention. 


2 D 



(JIIAPTEK ‘XIV 

PKLATION OF JlIE COTTON FDilil': TO THE 
DYEING FROCESS 

IiV dcalitif;' with the question of the veliition of the cotton 
fibre to tile process of „ily(‘ing it is well to retiieiiiber tliat 
although the liase and by far the largest portion of the 
fibre is cellulose, this is always associated with more 
or less unchanged cell-contents, which have an entirely 
different chemical composition, aud with oils, fats, and 
waxes, which, although chemically inert, exercise a con¬ 
siderable mechanical influence by coating the cellulose 
constituents on the external surface, and also cementing 
the successive layer's of the envelope, as well as filliirg up 
the pores of the cellular structure, and so hermetically 
sealing them against the entrance of any lirjuid, without 
the absorption of which into the interior any dyeing pro¬ 
cess is rendered impossible except surface dyeing, as in the 
case of artificial silk, although in this case, as there arc no 
oils or fats lu'esent, a certain degree of absoriition takes 
place. 

Effect 0 ^^the Structure on Dyeing.— The mechanical 
condition of the fibres at the time of dyeing may indeed he 
considered as the most im|)ortant factor in the obtaining 
of satisfactory results, because the prime function in the 
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ru'.v material to l>c dyed mtist he i^s I'oeeittiviry in^regard 
to tlie dje, and il.s i*ci*liatiical strucluri’ detei-mioes this, 
rids rereptivity does not arise from loi^tur’ii of the 
mateni.d itself, liei'iiuse the same miitfrial, if id a*dinereiit 
slate, aets ifwii'lianically dittereotlv ill regard to ilyukig. 
Thus amorpholl.s eellidose or eelljilo.se iu powder, although 
ehemically he same, ajll fake up a larger jiroportioii of the 
ilye from (he dye hath in llie cold than when in the tihroii.s 
lorni. a result aliich prohahly arises from the greater surface 
presented hy the colloid or powder.* Jii the warm <lye hath 
the eonflitions lye rever.sed, ami, while the tihroiis stnicture, 
of the raw' inatenal otters a greater resistance to t.he ex¬ 
traction of the dye from the d}e hath, the tthres possess a 
gie.ner retentive priyierty, and tli* dyeing is faster and 
more )iormanciil. 

riie importance of the structure can he host proved hy 
dyeing in two states any material with a substantive dye, 
whii h possesses only alight attinity for them, and noting the 
re.-adt. Thus a neutral hotly such as asheatos, when dyed 
in the fihrotis condition, takc.s up and retains a fair aniotuit 
of the dyc-atuir, while iu the state of jiowder it ahaorhs 
vcr-.' little. 

There is also no douht that, with a .structural and not 
an amorphous condition of matter, rnnv laws come into 
operation a.s assistants to the distrihution of the dye-stuff 
hetwceii the dyeing maierial and the dye hath, such as 
those of osmotic action and capillarity, as a consequence of 
which, a^hough they do not set aside the law of distrihution, 
they^dter to some extent the nature of the conslaiit K, 
in which case we have-- 



K, a variahle. 
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the (l(!"reo of variatioi> depending upon the physical con¬ 
dition of the matdrial to he dyed. ■ ' 

Law of ,£c[l)allsation. —When material to he dyed is 
brought' in'io contait with dye-stuff, the action nhicli 
occri's tends to hring^ alanit, and, if \uidf.>iurhed, does 
finally bring about, a .stfitc of eijuilibrium betweeti the 
amount absorbed by the material lyid the amount which 
remains in the dye bath de])ending U])on the nature of the 
materials and their respective iiffhnties. This holds good 
not only in regfird to the whole of them taken collectively, 
but also upon the variations in the absorptiye power of the 
different parts of the maturial, which, unless the material 
is mechanically homogeneous, will interfere with the even 
distribution of the colo'uring matter in the fibre. This is 
f|uite noticeable where dyed fibres arc lixaminod under the 
microscope, as will be seen hereafter. 

Reversibility of the Dyeing Process.— The process 
of dyeing is to a certain extent reversible, that is to say, 
if material dyed with direct cotton colours, and especially 
when undried, is placed in a laith which docs not contain 
dye-stuff but only the same solvent which w’as uae<l for the 
dye, and which is generally water, a portion of the dye 
will be c.xtracted, but never the whole, the amount being 
dependent on the two functions of nature of structure, and 
affinity. This action takes place in every dye bath, even 
when the solvent contains the dyeing material in solution, 
so that unless other conditions come into operation which 
aUcct the attainment of e<iuilibrium in the payts, such 
as the presence of mochaidcal or chemical impurities, there 
is a constant tendency to effect even distribution by the 
' transference of the colouring matter from one part of the 
fibre to the other, until even distribution is attained. This 
is specially the case with substantive dyes, but is also equally 
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true, but to a lesser degree, in f^jjctive dyes, and the 
action is greatly |)r<)n«oted by* the agitatidh which is usually 
given both to the material and the dyeMuring the dyeing 

oiiei'utii'ii. 

Although'*the nature of a dye is not cbinged n;hen 
associated with the filire, and its action I'eniains exactly' 
the saiiK! '..itli or wjfhcftit the librn, still, the molecular 
comlition or state is changed, and the molecular character 
of this change depends not only upon the nature of the 
dye but also upon the nature of the fibi-e. Hence some 
dyes ^fl)i^•ll ai|! rpiite fast both to washing and light on 
some fibres are fugitive on otheiis. 

Fastness to Washing. — In regawl to fastness to 
washing the structure of the filyte plays an important 
pa'i both in relatidh to its mechanical and chemical 
composition. Whenever the dy'cing materials tend to 
form precipitates either witii the unchanged cell-contents 
or witli a mordant previously fixed on to and within 
the fibre, tlie fastness depends upon the fixity of the 
colour in regard to its solubility in alkaline or acid solu¬ 
tions, and this remains exactly' the same as would bo 
the '-ase oven if the fibre were not jircsent; hut when the 
action forms insoluble comjiouiids, and specially where 
these are also partially or wholly occasioned by a chemical 
action between the actual substance of the fibre and dyeing 
material, so that they are not only mechanically entangled 
within the meshes of the fibre, and so shielded from 
meehanijjal abrasion, hut also in chemical union, so that any 
solvent has to overcome the affinity of the fibre, the highest 
degree of stability is attained. Often, too, the most serious 
causes of want of fastness are dependent not upon solvent* 
but upon gaseous action, such as oxidation by the air, which, 
with certain dye-stuft's, causes soluble compounds to be 
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formed, or when no| soluble, colourless compounds. Witt 
was (A opinibn that much o'f the frxstncs.s of colour was 
dc])e!ident uiwn all actual solution of the dye-stuff in the 
fibre, in’the same why that oxides arc .soluble in,precious 
stones (Fill'll. Flit. ii. 1-0), and indeed thafc’most of our 
<lyeing proce.sses are (fependent on solid solution. There 
is no doubt whatever that the mechanical condition of the 
dyed material oi- fibre does largely iiilliience the fastness 
to washing, because with the same dye and thb same 
method of dyeing the .colour is much faster on any fibre 
than on the same material when dyed in an am'uphous 
condition. . 

Fastness to Light.- That colours do change under 
the action of light, and that in some fibres the same colour 
is more readily changed, which cAn only be acewmted 
for liy some action on the part of the fibre, has long been 
known. The cause of this apjiears to be that the same dye 
may be absoibed in varying molecular dimensions by 
different fibres, and the change is therefore due, not to the 
fibre, .vxcept in so far as it conditions the state of the dye, 
but to the nature of the dye-stuff In this res 2 Ject the 
action of the dye in regard to light is the same as in regard 
to fastness to washing—it is quite indej)ondent of association 
with the fibre. The action of light upon inorganic salts is 
well known, and is the basis of j)hotograiihy, but that of 
light u[)on organic substances has received attention to a 
much less extent, and it seems to jiroduce change in the 
character of the substance, either by a direct rearrangement 
in the molecule itself, as when benzoidienone dissolved in 
alcohol is reifuccd to benzpinacone and aldehyde, or the 
.aromatic nitrobenzaldehyde is changed into nitrobenzoic 
acid, as indicated in the following reaction;— 
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01- ;i cliaiige which is probably ocjiiival^nt to polymerisation, 
as in the polymci isation of forimildehyde, in which we have 
the same percentuf;e compo.sitioii but a change in molecular 
arrangement. ^ 

Ageing. —In cases where the products are all coloured 
the action may simply be tempoj-ary and reversible, so that 
the coloui’ luay be re.stored by the fabn'c being left for some 
time in the daik, but in othei’ cjiscs«the action is e(piivident 
to a permanent bleaching action, as was foimerly so notice¬ 
able in mauve and many of the earlier coal-tar inoducts. 
The fastne-sa of the dye, both to washing and light, also is 
considerably increased by what is terme<l “ageing.” This 
process is specially employed where mordants require to 
he used, and consists in permitting the dyed fabric while in 
the damp state to remain for some time in the presence of 
air and moisture. This period of rest enables either the 
mordant, or in the case of some dyes, the dye itself, to 
distribute itself evenly through the whole of the fibre, so 
that it is much more even as w’cll as fast. It seems, there¬ 
fore, that from whatever standpoint the relation of the fibre 
to the dye stuft may be viewed, there is strong evidence to 
beSieve tliat the action is really physico-chemical, and the 
prcppnderating influence as to whether the action shall be 
greater physically or chemically depends ujibn the nature 
of the fibre. Experiments made by the author led him, 
strongly to believe that in wool and silk the chemical action 
is the preponderating factor, and the far more complicated 
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chciiiicii] composition of uheso^ fibres as compared with 
cottorf renders Uiis oxtremelj' prp))y,ble. 

It is also weW knowm that while most colours are 
faster upcyi wool ||iid silk than cotton, and tniiry diffi¬ 
cult to remove, indigo, wdiicli is deposiU'd -witbin the 
fibre from its solubM condition by the absoiption of 
oxygon, is faster upon cotton, whirli indicates' that in re¬ 
gal'd to the cotton fibre the prcpomlcratiug intluencc i» 
mechanical. ■ 

Penetration of Pyeing Materials. -'1 'bis opinion 
is further strengthened by the fact that cellulote when 
preci])itatcd from its solution in euprammoniiim can lie 
mordanted and dyed in exactly the same way as when in 
its fibrous condition; Ridoed, that in this state in proportion 
to its weight it takes up a larger qirtintity of rlye-stnff than 
would be the case with the fibre alone, and further, it ex¬ 
hausts the dye bath more eom))lctely, showing that the 
preponderating influence is on the side of the cellulose. 
A microscopical examination of this amorphous mass, how¬ 
ever, shows a great difterence in the method in which the 
colouring matter is associated, as comjiared with the dis¬ 
position of the colour in the fibre. In the jelly it is 
diffused through the whole mass in such a manner that it 
is cipially coloured all through and in every part, while in 
the cotton fibre, unless specially prepared, it is always more 
or less cloudy or u?iuniform, and always resolvable into 
fiakc.s, with a sufficiently high microscopical power and 
proper illumination. If the union between the cotton fibre 
and the dye-stuff was purely chemical, it seems to stapd to 
reason that. As a mle, the colour 'W'ould bo more deeply 
.seated in the texture of the fibre, as the power of chemical 
affinity is far more tremendous than that of mere mechanical 
action, and also that the deirth of penetration into the 
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substance of the fibre would Be greater; man it is always 
observed to be. 

While the eoloiiriiig matter, as such, dbbs not appear to 
penclrii^e .the fibi-e, and possibly thi.s in^y be accaunted for 
by the fact tlatf it must be solid matter in a particular 
condition of moleenhir aggregatioji before it can reflect 
colour, a moi.'ant which^is t-olonrlesa has great penetrative 
jiower, even when the conditions arc not favourable to 
liquid dlfl'nsion. 

All dyeing is accomplished by a ji’et process, and some 
writers hflve sup)iosed that in the case of cotton fibres, the 
dyeing material is absorbed into.tho interior of the fibres 
by capillary attraction, the absorption taking ])lace by the 
entrance of the liquid through the brflken end of the fibre. 
Tiiis is erroneous, because the author found that in fully 
ripe cotton, even when the liquid was presented to the 
sides of a fibre alone, it passed into the interior of the tube, 
swelling out the portion which had absorbed the moisture, 
showing that a real transfusion had taken place. This 
was specially seen when the fibre was mordanted with 
basic chloride of alumina and dyed in madder. Walter 
Crum miwie some interesting experiments in regard 
to the energy with wdiich this absorbent action operates, 
and believed it to be due to the smallne.ss of the capillary 
cavities. In the case of the thin cellulose laminai which 
form the thickne.s.s of the fibre wall this energy is very 
great. Crum says, “ Whether the mordant be applied to a 
piece of cijjico in the fluid state, or made nearly solid with 
an amjdaceous or other thickening substance, it finds no 
difficulty in traversing the fibre.” lie further adds, “1 
have examined threads which have been soaked wdth a 
solution of acetate of alumina, altogether fluid, and 
compared those with other threads which have been 
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print(!(l with tlio kimc so'utioii miido into a thick mucilage 
witlf gum uraijic, and with* othjrs^again made into a-paste 
with wheat fiou» so thick that when applied to one side of 
a pie(\i o{ bleachei^ calico it would not pass thro,ug|i to the 
other side, and on examining transverse ^^ections of dyed 
sjwciinens of these lihres, I found that such of tfieni as had 
l)(!en reached hy fhe mordank wei’e in all cases eipially 
penetrated. The white centre was always due to a want 
of dye-stuir. 

“ It is diflicult, Tio^douht, without direct examination to 
conceive of a cajjillaiy power so great, oi' that "a solution 
rendered so tenacious ys to retpure considorahlc force to* 
<lrive it through an opening of an inch in diamotor, should 
he aide without any pre.ssure at all to ])ass into the interior 
of the fibre, the pores of which ciAinot he detected by the 
most powerful microsc<jpc.” 

Penetration by Dialysis.— The investigation of this 
])eculiar property of fluids to diffuse through a membraneous 
film or septiim, formed a new eni in our knowledge of the 
])robiible nature of the action of dying materials upon the 
cotton fibre. 

Professor Thomas Graham found that solutions of certain 
bodies pass through membranes with considerable facility, 
while othei's pass through very slowly. Most bodies which 
are of a crystalline character, such as raetidlic salts, and 
organic substances, such as sugar, morjhia, and oxalic acid, 
pass through readil}-, and to these he gave the name of 
“ crystalloids ”; while bodies devoid of crystalline ])6wcr, 
such as gums, gelatine, albumen, and many soluble ^xides, 
which are ill an uniTystallisable condition, such as hydrated 
soluble silicic acid, soluble scsiiuioxido of iron, soluble 
alumina and other sinular coniponnds, pass through .veiy 
slowly, and were termed hy him “colloids.” The most 
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siiiguliir jjiirt ol this discovpry xv'as, tha^of all substances 
])arclinieiit-()aper made yie,niosl efficient diulyslng scpt\ini 
orniembrane. The parehin(nit-papef is on^ matted cotton 
fibres, wjii(;b have been modified and str|ngth*ene({ in* their 
structure by th9«action of strong suli)hnric acid, which hi^s 
caused hydrolysis without destruction of the mechanical 
texture of thi fibre;, althougfi it h;is caused a shrinking up 
of the lamina' of the tube vv.alls, and by diminishing tlie 
dislioice "between them increased the intensity of their 
eaiiillary action. , 

This of^notic action, therefore, is related to both dillusiou 
and capillary action, but it bear.s,,so far as i.s at present 
ascertained, no.exact numerical ratio to either of them, for 
it de|iends on the relation between the jiores and solid 
parts of the membrane, "upon the nature of the material 
which forms the dialysor, upon the dimen-sions of the pores, 
and upon the toroporature and the relative action of the 
fluid to be dialysed, in relation to that of the dialy.sing 
membiiine. In a normal cotton fibre there are in the 
cellulose walls a set of conditions which corresjiond to all 
these variables. The rapidity of action which depends 
upon the osmotic pressure, regulating the ti'an.sfusion and 
absorption, is aLso conditioned by the state of the liquor to 
be transfused, and the laws which govern it may bo stated 
as follows:— 

1. The osmotic pressure is proportional to the con¬ 
centration of the solution, or to the volume in wdiich a 
defimte mjss of the substance is dissolved, supposing 
always, that the substance is in a perfect state of 
solution. 

2. The pressure for constant volume increases pro- 
portkmately to the absolute temperature. 

3 . Quantities of substances in solution, which are in the 
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ratio of their inj>l^cular wei^its, exert equal pressures at 
equal temj)eralurt‘s. * * • 

Presence 6? Air in the Fibre.— Anotliyr influence is 
.ilso 'alwiys at which (lei)cnds on the .ni4!chanicul 

structure of the fihre, and tliat is the Occlusion of gas, 
whicli fills tlie pores of the fibre !it a higher^pressure than 
that of the atmosphei'e, since'it ^'aii absorb many times its 
own volume of oxygen giis. Some e.xjjeriiucnta made by 
the author also seenuMl to indicate that the tibre'exereised 
a selective action by absoiiiing out of a mixture of gases 
a larger (piautity of om: than anotljer, au(^ this was 
particularly the case wiith ammonia. Po.ssibly this arises 
fro)u the presence of unchanged cell-contents, which are 
cheraic.ally active, Snd most of which certaiidy have an 
acid reaction which would be eminently favourable to the 
fixation of ammonia. 

The presence of air alone, however, must always be taken 
into account, and the author found that if fibres were 
thoroughly cleansoil from all cell-contents by washing with 
alcohol and ether and then dyeing in vacuo, the fibre 
wa.s far more deejdy penetrated and the dye was more 
evenly distributed, and in a much finer state of division. 

Method of Association of Dye-Stuff with Fibres. 
—It will he seen, from what has already been said, that 
the method of association of the dye-stuff with the fibre 
depends both on the nature of the dye-stuff and on that of 
the fibre, and that the ideas which pievail in regard to the 
matter depend on the view which is taken in^rofereuce to 
the cause of the dyeing operations themselves. 

Whatever, however, these views may be, it is well to 
examine the phenomena themselves and learn what they 
are, quite independent of any speculations in regard to the 
cause. With this view, the author some years ago made 
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a series of observations to 'letenbine microscopically the 
appearance presented b)i tiio dye, of different'kinds, in 
association with the cotton fibre, to detcrnfibe how it was 
inechaiii()(i!ly associated and the cha%icteristic» 'rfhich 
distinguished tl» lie of the colouring matter, when tlpj 
dyeing operation was complete, and ^t is interesting to 
eornj)are the rt mils then attitined with those presented by 
more modern examples. At this period most of the dyes 
in Use webe derived from the vegetable kingdom, and were 
the product, except in the case of sijnple dyes, such as 
turmeric fellow or annato yellow, of fermentation or 
oxidation, by means of which the chroraogens by the 
introduction of •salt-forming substances arc converted into 
dyes which may be either basic or aijitl, according to the 
extend of alteration amf the nature of the substitution 
in the chromophorous groups present in the vegetable 
extracts .Some of these dyeing materials, such as indigo, 
woad, madder, orchil, catechu, and logwood, have been of 
the gi'cafcest service, and seem destined, except perhaps the 
two last, to pass away before the more scientific dyes 
derived by synthesis from coal-tar products, which now 
yield colours which are even more brilliant and almost as 
fast as those which wore derived from vegetable products. 
The simple dyes, which have a direct affinity with the sub¬ 
stance of the fibre, afford a very good instance in which it is 
possible to observe the relation of the colouring matter to the 
fibre, and the method in which it is distributed and fixed. 

Action gt Sample Dyes.— In the case of turmeric 
yellow ^ho colouring matter is simply dissolved in hot 
water, and when the cotton fibre is immersed in the 
decoction it speedily acquires a bright yellow colour, which 
is reodered as permanent as the colour will permit by 
simply drying the yarn. Here the colour is evidently 
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lield in ii very feeble state of eombination rtitli the solvent 
water, so fecblb that it may alBi(*t be considered as oidy 
in niechanicar*iis]>ension in water, along with which it 
passes ip.to the cJlInlar walls of thi^ fibre, and when the 
water is dried up, the colouring matter rtiVnains entangled 
in the cell walls whjch absorbe<l it, and^ which have 
evidently entei'cd'into some RinJ of chemical union with 
it, since the colouring matter can no longer be separated 
from it by the application of water, exce])t that a certain 
amount can l>e redrssolved from the surface, bnt not the 
substance of the fibre, showing that a rei^l change has takei^ 
plac(! in its nature, since it readily dissolved in water before. 

Tn addition to this, there is an aggitigatioii of the 
colouring matter not, only on the surface, Imt also within 
the cellulose walls, as though the*libre posses.sed the power 
of concentrating the colour, so that the fibre attracts a 
larger portion of the colouring matter out of the water 
into itself, and when taken out is much more coloured 
than the liquid in which it was immersed. When viewed 
by I’eflected light, against a dark ground, wliicb throws 
up the fibres, they seem to be well and uniformly dyed, 
the colouring matter being evenly distributed over the 
whole surface, as may he seen in Fig. 64, which gives the 
aspect of a numhor of cotton fibres dyed turmeric yellow 
and magnified 140 diameters. If, however, they are 
examined ivith transmitted light, the colouring matter 
within the fibre is found to be unevenly distributed 
and aggrcgiited togctiier in the cavity ,or hijnen of the 
fibre, as though it was attracted in larger quastity in 
the interior of the coll than in the [lorous walls. This 
may possibly arise froip the fact that the pith-like contents 
of the central cavity are more absorbent than the. cellular 
walls. This can be clearly seen in Fig. 65, which re- 



^’rc. t>4. —(:l^ttou J^’ibIV^ dyc-il Tiirtncric: Y»*Mo\v, 
viewed witii rftfloeted light, x 140 diameters. 



t’lo. 66.—C’otton Fibres dyed Turmeric Yellow, 
viewed with transutitted light, x 140 diameters. 
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presents fibre? miignified 1 K) dianiettifs, seen witli tjaiis- 
mitted light against a darloliackground. 

'J’lie aggregation of the dje within thi' fjbre seems to 
lie ahnott directly jirojiortionate, in thisicase, to tiio degree 
of maturity of ffte fibre, and the thin jiellncid unripe fibrns 
acarceli recciyoil any stain. , 

Direct Dyes for Gotion.— These" simiile dyes have 
now no place in cotton dyeing, having been almo.st en¬ 
tirely sulistituled by what are teniied “ direct dyes,” which 
will dye cotton full .shades without* the intervention of 
^my morifint, leajing them comparatively fast, under all 
ordinary conditions, although they are mostly bleached 
by pi’olouged •e.vposure to sunlight. Generally they are 
prepared by diazotisii^g the bases,,'and combining the 
jirodiicts with amines, or their aulphonic acids, but they 
may also be mixed products, in w'hich case it is always 
necessary to seletit those which are similar in character, 
and fbe adjuncts which will be used along with them, such 
as Glauber salt (sodium suljihate), soda, or soai) and 
sodium phosphate, must lie selected according to the 
predominating components of the mixture. 

Congo red, which was the first of those direct dyes, 
was introduced into practice in 1884, and is the ty|)c of 
a serie.s, all of which are worked as sulphonates of the 
alkaline metals, sodium, or potassium, or of ammonia, and 
depend for their action upon the fact that they are tetrazo 
compounds, and contain the azo group - N = N - twice in 
the molecilJe, a, basic or an acid dye being obtained, 
depending on the nature of the change. 

- N = N -, a chromophorous group. 

CjHj - N = N - CgHj, a chmmugen. 

C„U, - N = N - . NHj, a basic dye. 

- N = N - C„’h^ . OH, an acid dye. 



4i6 CO'iJOU'FIB^ig' «HAP. 

The^Congo red j^roduwMl from henzidinei 

. N wtdeh is itso'lf pwkiced by reducing the 
corresponding^ (finitro derivative obtained by the direct 
idtratfon of diphe»yl, but it is also formed by.tlio intcr- 
nvjlccular change of hydrazobenzeiie, a •flroduct of the 
reduction of azobenzene, C\ll-,fv. NC„Hj, which, although 
highly coloni'ed and insoluble ip water, can, as is seen 
above, by the intrwlnction of the KH., and OH groups 
produce coini)OUnds which are either dye-stuffs, when 
rendered soluble in. water, or become dye-stuffs when 
rendered soluble by conversion into sidphonic acids, and^ 
which are the parent sidsstaneo of many of these important 
direct dyes. They yield a wide range of violet, orange, 
rod, and other colohj-s. The sciirlet red approaches in 
brightness Turkey red, but is not'soiast, although it can 
both be rendered faster and its brilliancy increased by 
treatment with Turkey rod oil. 

They are not, however, as brilliant as the basic dyes or 
as fast as the adjective, and they are more susceptible to 
injury in working, caused by the presence of impurities in 
the raw materi.al which do not affect the adjective dyes. 

Many of these dyes are now superseded by those 
derived from the benzo-purpurin series, which seem to 
yield more effective results, but they all act as direct dyes 
to cotton, and have fomed one of the most important 
contributions which chemistry has made to the art of 
dyeing. 

As a rule, it is usual to dye the yejlow series in a 
neutral bath, the blues in a neutral or slightly aikaline 
bath, and the reds in a strongly alkaline bath. 

The benzo-purpurin^ belong to the siime group as the 
Congo dyes, but whereas the latter become dull by coirtaot 
with slightly acid fumes, the Ixjnzo-purpurin series, which 
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is produced by combining tcJtrazoTlitolj^ Jilts with suljijjonic 
acids of a and /3 napthyUminc, are mudi'more fixeil and- 
dui’able. 

It sgeias probable tint the most oj these driredt dyes 
enter into unifl* with the cotton fibre in virtue of a r»al 
chemical affinify, becauao their ^ molecuhir aggi’Cgation 
changes when within, a^ cflmparcd witii outside, the filwc. 
The molecular aggregation also seems to depend upon 
whether the solvent is acid or alkaline, as Picton found 
that in the case of dongo I’ed an alkiilinc solution filtered 
readily, Tmt Ihe^ dye would not pass through filtering 
material in cither the neutral or acid state, and suggested 
that possibly 4he ef(nalising of the dye by the action of 
the alkali when dyciiijj with this sgjTes of colours may be 
duo to the same cause, tlio alkaline solution retarding the 
action of the dye by preventing preci])itatioti with the acid 
constituents of the material, and so favouring deeper 
penetration and more even distribution. 

Wh m examining the fibres of cotton dyed with these 
direct dyes the author was particularly struck by the 
great penetration of the colouring matter into the interior 
of the fibre, and the apparently much finer state of division 
in which the colouring matter appeared to be. Indeed, 
even when examined by the microscope with the same 
magnifying power as the simple dyes already mentioned, 
it was almost impossible to detect any flakiness or 
discontinuity in the coloured part. This continuity and 
depth of penetration, apart from any finer division of the 
moleci*les of the colouring matter itself, ma^ be due to 
the much higher temfierature which is now used with 
these direct dyes than was formerjy employed. fThen the 
temperature was kept down, but now the boiling point is 
usually reached. This causes the osmotic pressure, which 
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incret'ios proportioniilly to ^tht absolute temperature, to 
become nioi'e active and so to ])Oi.etiato deeper. 

This hi(;h tc.mporature also favours the ])enetration and 
lineiies.s of divisioi.-, because, in the fir.st placi, .dl the 
guVnniy and resinous niaterial is more easilj^ dissolved and 
the solution of the dye-stufl' is more complete than when 
a colder dye bath is employed, ai’d also the air is more 
efl'octually expanded out of the fibre and the pores opened 
wider by the increased temperature, and thus resistance to 
the entrance of the coiouring matter diminislicd. 

An examination of cotton fibres dyed ■'■’itli any of these , 
dyes gives a good illustration of those phenomena, since 
they all appear to behave in regard to cvenn&sof diffusion 
and penetration in a similar manner, the iliff’erence being 
not of kind but of degree, the molecnlar aggregation of 
the colouring matter depending largely upon the degree 
of maturity and ripeness in the fibres; benzopurpurin red 
and benzo-indigo blue being selected, so that they can bo 
compared with indigo blue and Turkey red dyed iu 
the usual manner. 

Fig. 06 shows a number of cotton fibres dyed benzo¬ 
purpurin rod, when viewed with reflected light against a 
dark background, in which the distribution of the colouring 
matter on the surface of the fibre appears fairly even and 
continuous, and in the thread itself the colour was very 
perfect and bright. When magnified even four or five 
hundred diameters, also when seen with reflected light, 
the appearance was still of a continuonr mol'cular dis- 
u'lbution, blip when transmitted light was employed and 
the magnification was increased to 800 diameters, as seen 
in Fig. CV, the discontinuity then became (juite apparent, 
and the lie of the colouring matter within the fibrff in 
flakes was clearly seen. The penetration Of the dye 



J 'fi. 6l5.—Cotton Fibres dyed with Benzo-jmrpurm Re<l, 
viewed with reflected light, x 170 diameters. 



flo. 67.—Cotton Fibres dyed with Bimzo-purpimn Red, 
viewed with transmitted light, x 800 diametem. 
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cannot.lte so ilistinctly ohsirvod Hyiottkinj; at clto ti))i-es 
longitudinally us wlnsn soen in section^ and Fig. 68 gives 
a .section of three iilire.s of which one i.s filly*riiic and the 
others oidy^yartially so, and this etSihhis the diH'erence in 
the a[) 5 )earance of tin! dyeing in «these three instances to 
he dearie soen. The ^dyc aiHreurs to get less deej) in 
.shade as the j)onelr.1tion into the substance of the libre 
incraases. This is rvhat might b(! exiiccted, because the 
whole of the dyeing material has to pass through the 
outer layers of the cellulose de|)Osrt on its way inward, and 
altbong'h the ifye has in each case ]ia.ssod to the interior of 
the fibre, there is no aggregiition whatevci- in the lumen 
i’.>elf. 

Although the dye^n these cross-s(!ctions appears evenly 
dhslrdiuted, though loss in (piantity and lighter in shade as 
>t penetrate.s inward, .still, in all the sections, both red and 
nl'ie, when e.vaiuined under higher microscopical power, 
« ich as 1200 to 1 500 diameters, the distribution appeared 
more and more (iiscontinnous, and could be resolved into 
separate and distinct flakes of colour, which clearly shows 
that so far as perfectly even dyeing is concerned, it does not 
exist even in the smallest areas, either on the surface or 
w'ithin the substance of the fibre. 

When examining fibres dyed with the benxo-indigo blue 
it appeiirs as if the dye was not quite so evenly distributed 
on the surface of the fibre as in the case of the benxo- 
pnrpurin red, as will be seen by looking at Fig. 69, which 
shows fJic fiPres as seen by reflected light, but when they 
are’magnified more highly and viewed ♦ty transmitted 
light, against a dark background, so as to bjing out thj 
colour, the molecular aggregaflon of the dye and the 
(ilstribution and penetration appear to be more even than 
in the case of the red, as will be seen in Fig. 70, wjiich 
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shows Iv’o of the fihros soon, hy transmitted light and 
raagnifioil, as in the ease of tlie red fibres, 800 diainetcra. 
This is over mere distinctly seen in h'ig. 71, which 
ilhistratos a oross-se^ctioii of three of those fibres magniiicd 
800 diameters. Both in the red and the blue dyed fibros, 
when soon in cross-seetion, ii will be noticcal that the outer 
pellicle of the fibre does not seem to have alrsorbed the 
dye to the siime extent as the layer of cellulose immedi¬ 
ately below it. This appearance may, however, be due 
partly to the reflection of light from the inner surface, as, 
with the spot lens which was used as a con.lenscir in the 
microscope, the light was concentrated from all sides m 
the form of a hollow conical beam. 

Action of Dye upon Mercerised Cotton.- -It has 

already been seen that when cotton is mercerised the 
.hydrative action of the alkali causes a change in the 
mechanical structure of the fibre, which to all appearance 
is similar to that which occurs in the ripening of the fibre. 
This is to say, that the cellular layers which arc enclosed 
within the outer pellicle are expanded and thickened, and 
at the same time rendered more absorbent by becoming 
more spongy; even the fibres which appear most ribbon- 
like and with very little thickening in the edges, becoming 
expanded until, in many cases and in dift'eront parts of the 
fibre, all the creases on the surface are removed and the 
twist in the fibre largely untwisted, so that this special 
feature is wanting in many parts of the fibre. The lumen 
is also almost entirely filled up by the expansioii of the 
cellulose substauces. By this means the brightness and 
lustre is largely increased. 

At the same time a chemical change always occurs, one 
indication oi which is a rise in temperature of from 55° i\ 
to 70° F. being noticed in the case of raw cotton, which 



o8.—C'roRs-Secliou of Cotton Fibres dyed Benzo-purpurin Red. 
X 800 diameters. 



f’la. 69.—Cotton Fibres dyed Benzo-itwligo Blue, 
viewed Hy reflected light, x 170 diameters. 
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appears, moreover, to bo diffirent ix\ diftcreiit (juftlities of 
cotton* The alkali*ls 4 ) uiiSoubtedly effects'a cliange iitthe 
character of the C(!ll-contents, the grehlest being of course 
in yuisc which have been least cl^nge!! iiilhe process of 
ripening. *8116 action of the alkali will also, by neutralising 
any c*el!-cotUents which an^ of an acief nature, jirevent 
their rcac..ioii with any <)f tin! alkaline contents of the dye¬ 
stuff, and so prevent the formation of molecular aggregations. 
The* etfect of this action is to increase the absorption of 
the dye and colour it more deeply, and the result of 
this fc that it is found, with most of the direct dyes, 
that a .smaller (juantity of dyeing material is necessary to 
obtain the* same surface shade than when the cotton is 
niimercerised, because the dye i^fhore evenly distributed. 

Mercerised yarn vVithout tension reejuires on the average 
about 25 per cent lc.ss dye to obtain the same shade than 
nr mercerised- cotton. 

In Lancashire cotton piece goods are largely treated 
with caustic soda of 10° to 20° F., with the object of increas¬ 
ing the affinity for colouring matter without increasing the 
quantity of dye-stuff used, and this treatment is employed 
s;iocially before dyeing aniline black. 

A similar process is used in printing, one side of the 
cloth being treated with strong caustic soda, and thus much 
fuller shades are obtained. 

It is also interesting to note that cotton dyexl with a 
direct colour becomes considerably darker when mercerised, 
and whjn cojton dyed a plain shade is jiriuted in stripes 
witji caustic soda, with the object of producing a crimp, the 
printed part becomes much dai'ker than the unprinted. 

The greater smoothness anc^ lustre on thyflbre will be 
(jeen illustrated in Fig. 72, which shows ai number of 
cotton fibres dyed with benzaldehyde green magnified 180 
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diamet^s, and the 'deeper holoup of the dye is shown 
in Fig. TA, which represents'a section of three'of the 
mercerised filircs maguifiod 800 times, and wdiich may 
be coinpaied witli the, sections of red and iilne dyed ,vani 
whicl' arc represented in h’ig. 08 and Fig. 71. It may be 
noticed, however, that although the mercerising of yarn 
produces a more abscrbent structure within the filiro, so 
that the penetration of tlie direct dyes is more complete, 
this characteristic produces an opposite efl'ect in those 
dyes which depend for their tinctorial power upon the 
formation of coloured procipitatc.s within the meSiies of 
the fibre, or laapiire, as in the case of all the lakes, the 
formation of a new intercellular surface from which the 
colour is reflected. In the case, therefore, of mercerised 
yarns, in addition to the less quantity of dye used, one 
cause of the greater depth of the colour with adjective 
dyes appears to be due largely, not to a deeper pene¬ 
tration of the dye, but to a more solid surface dejiosition. 
The colouring matter seems to ])enctratc into the fibre 
only sufficiently to enable it to key itself into the surface. 
A close observation of these phenomena also seems to reveal 
the fact that in the mercerising process the action of the 
strong alkali attacks the outer pellucid pellicle of the fibre 
in many parts, and while it also hums a .slightly denser 
layer on the cellulo.se substance, which forms the secondary 
deposit beneath it, it enables the dye-i3tuff to get a firmer 
hold upon the new surface than if the pellicle had not been 
removed, and the colouring matter aggregates in denser 
masses. If in the mercerising process the alkaline action 
has been too severe, and some classes of cotton stand the 
r.ction of alkalies better than othens, the inner layers may 
produce, by their expansion, a pressure on the out?r 
pellicle, which has been hardened, and its tensile strength 



r'G. 70. —Cotton Fibre dynl with Beiizo-iudigo Bln**, 
viewed by transmitteil light, x 800 diftraeters. 



Fro. 71.-iCros8*Section of Cotton Fibres dyed with Beuzo-indigo Blue. 
X 800 diameters. 
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and elasticity weakened by th| act,ion«of the alkali until it 
niptuteS, and the iiyie; .la5'trs of flie i^eomlaiy fleposits 
swell out, somewhat siniilai' to, but in less decree than, 
the f)jC(Jin ;4 action .of Schweitzer’s solution, find rtie,substance 
of the outof.pelliile shrinks up inlo ring's or ligatures 
round flic fib^p, and forms curioits eonstriotions. * 

M ith iher'erised yari^ also.'in the twisteiKthrcad, the 
shielding action of one thread upon another is much 
greater than when the yarn is nnmerccrisod, and, as might 
be anticipated, greater when adjective dyes are employed, 
as, although the mercerising has rendered the inner con¬ 
tents of the tifu’C more absorl|ctit to liinjnd dyes, its finer 
S])onginess, which is more homogeneous and therefore more 
easil\ ponetnded uniformly by ^limpid dyes, which, like 
the direct dyes, are Coloured in themselves, oilers a greater 
resistance to those which act by the foi’mation of pre¬ 
cipitates, which immediately fill up the pores and prevent’ 
any f.iithei- penetration of the dye. The dye also 
acouiiiidates in the ridges of the twist between two adjacent 
fibres, and when the untwisted fibres are examined they 
present a curious appearance, witli the dye-stufl' deposited 
upon them spirally’, as si'cn in Fig. 74, where the dye is 
entirely topical and does not .spread into the fibre. This 
is still better seen in Fig. 75, where the fibres are in section, 
and the most part of the interior substance is entirely 
undyeil, as the dye lies eiiLirely' on the surface, and only 
in those parts of the thread which have been unshielded, 
alid so t^e dye was able to get at the fibre. 

yat Dyes. —Closely allied to these direct dyes there 
are those which, although the dyeing siTlistancc is not 
coloured in itself, still depends for its acticyi upon thj 
absorptive character of the fibre, and which,^as already 
seen, ileupnds largely upon its mechanical structure, and 
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althongh the niatei')iil whcf. it if presented to the fibre is 
not a coloured body, it becdniebf.oiby the action of feeble 
oxidising agents,"'such as the exposure to the oi-dinary 
atmosphere l)f tliese d}'e-stufis there are two .which 
stapd apart from other's, sucli as indigo' (CjgH,(|N,,Oj) 
and indopheny'i blue,' the typicid formula for which is 
OC„Il 4 N 0 ^H 4 OII. lioth these substances are in themselves 
coloured, and both arc insoluble in water. In each case the 
colour depenils upon the relation of the oxygen and nitrogen 
grouirs within the molecule, and when this relationship is 
disturbed by the introduction of hydi'ogen into the Molecular 
groujring in such a way that the intimate relationship of 
the original oxygen and nitrogen groupings'is disturbed, 
leuco-compounds, as th^y arc termed, are formed. In the 
case of indigo two or more mole'cules of hydrogen are 
introduced into the chain, and the indigo formula, which is 
CiolluiNjOj, is changed into CniHioN.Pj) which is known as 
white indigo. This is soluble in water, but when oxygen, 
which had been removed by the reducing agent, is restored, 
the colouring matter is again formed, and as this is insoluble 
it is precipitated within the meshes of the fibrous substance, 
and so permanently retained. These leuco-compounds are 
produced in an alkaline bath or vat in which the indigo, 
in a very fine state of division, and in the presence of 
lime-M’ater and hyposulphurous acid, ferrous sulphate, 
or zinc oxide, is decolourised and rendered soluble. Thq 
same process is used to form the leuco-compounds when 
artificial in place of natural indigo is usqd, bet in the 
former case the indigo itself is in a more pure form than in 
the natural indigo, but the impurities in the latter seem 
to give a hfoom to the deeper shades, which is absent when 
artificial Wdigo is used. This arises from the presenca of 
certain undefined red and other colouring matten. On this 



1^(.. 72. — Mtrccrisoil Oottoti Fibre-s dyed Bcnzoltlcliyde Green. 
X 180 di»iiieters. 



fifi. 7d.—^oction of Meroerisetl Cotton dyed Benzaldehyde Green, 
viewed by tranRmitte<l light, x SOO dian^terH. 
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jjoint there is a difforonco ofinioii, hut in skilled hands 
the saiso'shades or ev. in Jnigfiter can nov be obtained by 
the use of synthetic indigo. 

Thp inntcrial to be dyed is workci^in tTiis rjit either in 
the cold or hifMstate, as may bo deemed most advisaldo, and 
the soluble leuw-compound is absorUbd into^he fibre. The 
action whit^i the fibre exerts upon the solutioif of indigo 
seems to be more than the mere interpenetration of the 
cellular tissue of .the fibre, as though the dialysing action 
tends to accumulate the soluble indigo within the cell-walls 
in quantity almost iiroportionate to the time during which 
it is acting, so that if there is sufiicient quantity of the 
cotton it will extract the whole of the indigo from the 
solution. 

In this respect this Cumulative action is similar to that of 
the fibre upon the tumeric solution, except that the wdiitc 
or soluble indigo ig not coloured and visible to the eye, 
although when dried, before exposure to oxygen, it seems 
to 4e attached to the fibre in its yellow insoluble state. 

The stability of these colours formed by the oxidation 
of leuco-corapounds has led during the past few years to 
the introduction, for cotton dyeing, of a whole range of 
vat-dyed colours known as the Indanthrine scries. The 
chief characteristic of this class of dyes is their great 
fastness to light, washing, alkalies, acids, and even in 
several cases chlorine. The method of using those dyes is 
similar to that employed wlien indigo is used. They are 
retfuced iij a vaj; hy means of hydrosulphite in the presence 
of caiistic alkali, yielding clear solutions, which often differ 
in colour from the original colouring matter and give up 
leuco-compounds to the cotton filj'e. When oxidisod the 0 
indanthrine colour remains fixed in the fih^. The 
tcmperatusc of the hath is usually 140° F,, and the colour 
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is ofteii lieightoneil by il'pping iti a hot soap liath. The 
raiig<r'(if these ^oloms is rapiil'y extending, anil they now 
yield bines, giv»ms, browns, yellows and reds iii many 
sliades., TliC}' are placed on the market under various 
names, such as algol, dianthriiie, thio-indigo-red, etc., and 
while tlieir iiebavioui at.d appearance under the luicroscope 
are, in regard to the cotton fibi;i!, very similar to indigo, in 
the lighter sliades especially, the ditl'usion seems to be 
greater and the molecular aggregation less massive and 
solid, and the internal reflection 0 / the light greater. 

Power of Concentration in Fibre.— This power 
which cotton seems to .possess to concentrate solutions 
within itself, seems analogous to that which it has of 
occluding ammonia end oxygen within its pores, and the 
]Mwer to absorb the latter i.s cno-.fiiously increased when 
the fibre is impregnated with the reduced indigo, because 
there is also an affinity between the indigo with which the 
fibre is saturated and tlic oxygen of the air. 

AVhen the oxidation has taken jilace and the colour 
restored the cloudy deposit of indigo blue is clearly seoii, 
irregularly distributed through the meshes of the fibre, in 
many cases penetrating into the central cavity or lumen, 
and foi'ining daik and almost black masses where it is 
accumnlated in the largest quantities. This will he clearly 
seen in Fig. 7(i, which shows a number of fibres dyc<l indigo 
blue, seen by transmitted light and magiuHcd 230 
diameters. In .some of the fibres which arc not fully ripe 
the dye has only partially taken effect, and the much'less 
even distribution of tfie dye can easily be seen if comjiared 
with that obtained by moans of the direct dyed artificial 
blue sho^Ti in Fig. 69. A section of three fibres seen 
under th^e microscope and magnified 700 diameters exhibits 
the uneven distribution of the dye within the fibrous walls 



'i‘j 74.- M<;rccrise<l^'ott.oii Fibres, uiiU^istetl Irom 'J'lirejnl, 
'lye<I Crimsnu Ijike. > 200 flianielers. 



76.—Section of Mercerised Cotton Fibres dyed (’rineoii Lake. 
X 300 diameters. 
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ill :i Btill more striking miirmer, js will lo seen in tig. 77. 
Although, the niolecular^a^-i^ition is’gre»t, so that*"the 
colour is clustered together in hnasscs, stijl IIe; fine state 
of division of the colouring matter and its i«iin-cry.stalline 
character rendar it less liable to distSrbanco from the 
flexure of the fil)];es than many otlwr dyes, and its jierfect 
insolubility iJ water i)erm|j.s a c'6nsid.crable amount of 
surface coloration, which,* when viewed by reflected light, 
causes the fibre to,ai)iicar much more evenly dyed than 
when transmitted light is, employed. Indeed, this surface 
cohfration as alw'ays more or less visible in all fibres which 
are dyed by the formation of insoluble colouring matter, 
or which arc not subjected to severe after treatment, so 
as to remove all dye which is only ,nwchanically attached, 
and this usually masks many of the defects which wouhl 
otherwise arise from inijierfect formation within the 
fibrek. 

The colouring matter accumulates in the creases and on 
the wrinkled and broken surface of the collapsed tubes, or 
in the ridges and furrows on the suiface of the thread 
by the hollows of the twisted fibres, and thus forms 
a coloured reflecting surface, to which the solid and even 
appearance of this dye is largely due. 

The foregoing examples may be taken as representatives 
of the substantive dyes, wdiich require no previous treat¬ 
ment of the fibres except simple washing in hot water or 
a slightly alkaline solution, which is necessary to remove 

the fats and waxes which would otherwise interfere with 

' * • 

the absorption of the dye-stuff by the fibre. 

Topping of Direct Dyes. —It has .ifieady been 
noticed that, to a certain degree, all direct dyes lyi cotton 
are subject to removal by washing and that the surface 
coloration is, apt to run when woven in connection with. 
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and juxtapositi n to, white threads, sush as bleached 
yarii.s, a7(d it has been' for.nd that thi.s defect can be 
remedied f.nd the dye rendered not only faster to washing 
blit also to light by topping them with liasic colours, which 
in addition also heighten theii' colour. The basic colours 
are coloured salts ^iroduced by union o' organic bases, all 
of which have an artificial origin, with acid salts. These 
salts are mostly simple chlorides, but double salts are also 
used, and acetates, oxalates, sulphates, or nitrates. Where 
those in a state of solution are brought in contact with 
hydroxides or carbonates of the alkaline earths the colottc 
bases are thrown down in the free state, and are mostly 
insoluble in water. When used to top the direct dyes 
these coloured laket pot only form a ])rotectivo covering to 
them, but also what is virtually It now surface within the 
fibre, which increases the depth of colour radiation, and is 
probably the cause of the heightening of the direct .colour. 

Another method of fixing these direct dyes can also be 
employed, because a largo number of them are capable of 
being diazotised in the fibre, and forming azo-compounds 
with the phenols, aminos, etc., and these new compounds 
are insoluble and fast to the ordinary process of washing. 
This proce.ss seems to bo capable of considerable extension. 

Action of the Fibre on Mineral Dyes.— Amongst 
adjective dyes whicb require a pievioua treatment of the, 
fibre with another reagent, so as to enable the colour to be 
formed and fixed, may be classed the mineral dyes, such 
as Prussian blue and chrome yellow, although the former 
perhaiis .should not be classed as such, since the pnissiates 
upon which its colour depends are organic compounds, the 
iron salt acting as the mordant, and the Prussian blue may 
be reprpsonted by the formula PeCjN^. 

Both have been largely replaced by artificial dyes, and 
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will probably be'ultimately entirely superseileii, and indeiid 
the chromStes and allied iiuiiganates are probably those 
which will survive the longest. 

In thi»clBss of dyes probably the tibr 5 substanv'e itself 
has a more passiVB condition than in any other form of, 
dyeing. Heie,tni? ch.,mical [>reci[)itates are formed within 
the substance of the fibre, ijnd the reaction which produces 
them is e.’jactly the same as that which occurs in the testr 
tubes in the laboratoiy when testing for iron or lead. The 
art of dyeing in these cases >is simply the jireparation of the 
fibre, so that it will receive in the best possible manner and 
to the fullest extent the solution of ihe substance which is 
afterwards to be precipitated. The passive nature of the 
fibre ilnring this reaction between tire, constituents of the 
coloured salts i". shown by*tbe fact that in some cases, such 
as chromate of load (2Pb, CrO,), the colouring matter often 
assumes a., crystalline 'character within the fibre, which 
shows that the molecules, or at any rate a large number of 
them, are nov united by any chemical bond to the cellulose, 
but are free to exercise their crystalline affinities in 
exactly the same way as if they were within a neutral 
vessel. 

This is often specially noticeable in the case of chrome 
yellow, where the chromate of lead is easily distinguished by 
ihe peculiar form of the crystals, the primary form being 
ai) oblique rhombic prism, which generally occurs with 
truncation of the basal and lateral edges. These form a 
pretty objecto when viewed by polarised light, which is 
very eflScacious when employed to detect the presence of 
crystalline structure. These crystals seem, in some cases, 
to shoot through the walls of the ccjl membrane, possibly 
in liiJSs of fracture of the tube walls, and they qpt un- 
frequently seem to cause a weakness in the fibre by the 
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■shqi'p angles^of, the cJystah cutting through the thin 
ccllulai- wall.s Vheii the liljpe fs'siAjected to 4 traih. 

This prAl)ii))ly occnrs in other colours, where the resulting 
dyes ‘dr!i easdy c.fystallisiihle sidts, iind in sonft: cases this 
Viay account for the weakening action of certain dyes, just 
as in other cases, wl'ici) the dyeing nuteflal feeds the fibre 
and e.vi)ands the cellular layers, the act of ilyeing confers 
additional strength. 

This crystalline character is, howeter, entirely wanting 
in many cases, and •the tcniicnc'y to produce crystals,may 
depend on the peculiar method which is employed to prof' 
(luce tin! colour, which may vary slightly at different times, 
or with the amount of colouring matter“whicli has been 
introd\iced into the'libi'c, or e.veu the length of time which 
ha.s been employed to dry it. 

It may not be uninteresting to note that chromate o{ lead 
seems very largely to coat the surface of the fibre, as well 
as to pass into the iiilerior. It accumulates in the twists 
and creases of the cotton filaments composing the thread, 
in a fine crystalline. pi>wder, and 'when viewed with re¬ 
flected light gives a yellow, glistening, velvety appearance. 
The t(!ndency to surface coating is manifest more or less 
in all colours, the dyeing materials having their attachment 
to the spaces lietween the individual hairs forming the 
thread and in the spiral creases caused by the twist, which* 
has been put into the yarn in the process of spinning and 
doubling. This surface colouring undoubtedly server the 
purpose of masking many of the defacts frhich would 
otherwdse be visible, arising from the imperfect djoing of 
the individual fibres, but its ready removal in any after 
finishing process to ^'hich the yarn or goods may have 
to be fsubjected renders it also a source of dangSr, as 
when removed it will reveal irregularities in colour 
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which were itot visilJe before being ,«dt)],ccted to these 
processes’. 

Mixed Goods and Cross-Dyeing.— Those wlio are 
iicipwinieit witli the union trade in whi^li cotton.hnd wool 
are mixed togetlier, know liow frequently defects arise,in 
ciuss-dyoil gqodi,; eau.sed by the stripping of the warps in 
the clearing process necessary for the dyeing of the weft, 
and iinlpss the warp dye is thoroughly fixed upon the fibre 
streaky place.s are oure to appear, e.specially in cases where 
a lijrge poi’tion of the wa.'p as well .-w of the weft appears 
b upon the surface. ^ 

Unfortunately chemical sciencj has not yet provided 
dircet lives, 'which in the same dye bath and at the same 
toni])ei.ituro dye any shade equally .ved and the same depth 
of shaac 1x1' h cotton and wool. The fact, also, that cotton is 
dyed best in a neutral or alkaline bath, and wool in an acid 
bath, except, in some few cases, appears to present an almost 
impiiss.i'ile barrier to success, but it opens up a wide field 
for invcHUgatirn, and some such processes as the animalising 
of cotton by some easy method may pos,sibly some day 
solve the difiicnJty. 

In relation to the mineral dyes, the author found that 
in some eases it was jiossible to remove the cellulose and 
leave the dyes with which it was associated unchanged, 
whieli shows that in such ca.ses there is only a mechanical 
.association between the fibre and tho dye. 

Notwith,standing this, however, it seems probable that 
there is a chemical aSinity between the impure cellulose, as it 
always occufs in tho cotton fibre, and the first solutions in 
which it is immersed in order to produce these mineral dyes.' 
Many of these unchanged cell-coptents, in thtf half-ripo 
fibrts, where the protoplasm is charged with ta^nin-like 
bodies, act ki fact as mordants, and so fix some of the colour. 
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The author inaric a .swies ()f experiments' to determine 
these Jtoints', and found tliaf \Vho!i (notton fibre, wm steeped 
in acetate of 'lead^-whirb i.s t.ie first process in the dyeing of 
amtier, ormitrau'. of iron, whioli is tlie first stage in jlyeing 
I’russian blue, that he con)<l never by any'process which 
did not entirel'y destroy t'ne very nature of the fibre remove 
all traces of these liase.s, which seemed to indicate fnat 
more than a mere mechanical absorption had taken j)lace 
between these salts and the semi-cellulose constituents of 
the fibre walls, atid that although„the cellulose itself may 
play no part in the reaction which occurs When the 
chromate of lead or Prussian blue is precipitated within 
the meshes of the fibre walls, still, there is-in some way a 
reaction of the bases the, cellulose, which tend.s to give 
greater fiiity to the colouring maKir. As a consequence 
of this partial chemical action, there may also be within the 
fibre walls a larger quantity of the dye than there would 
have been as the result of the artificial mordant alone, and 
thus the fixing of the dye-stuff may be chemico-mechanical. 

Some years ago, when in the Bradford trade very fine 
single and twofold cotton yarns were being used, all of 
which were made from Egyptian cotton, and the run was 
princiijally upon light and delicate shades, the author was 
called in to more than one arbitration where individual 
fibres and masses of fibre had turned black or dark shades 
in all those colours whore salts of iron were used in the 
dyeing process, and from the appearance of the dark 
colouring matter in the cell-walls of the ipdivijlual fibres 
he was convinced that it arose from the presence, of a 
tannin-like body which was present in the juices of the 
^ growing fibre, and which, from want of sun during the 
growing season, had never changed into more neutral 
compounds, and therefore entered into combination with 
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tlic iron, prydiicing a kind of ^ink, wjtlw tlic oo*sc(iuent 
result. rjJ ‘causing serious ^IffeiJts in tlt(?*gcj>ds, .whiclii could 
not be removed out of the yaril by the oijtliiiivy method of 
washing or cleaTiing the warps. 'I’his defect *i])pcni'<jd not in 
one spuming ij^oe iiut in several, and flic wari>s wore dyed 
by difl'ertiit dyiy'.s. 'I’he next hca»oi^witb the same sha'des 
and goods, tfli • defect did not aj)i<f!ar, nor bad ifcdone so in 
previous years, although‘ex-actly the same method of dyeing 
had been employc^d. 

Relation of Cotton Fibre to ^Mordant Dyes. In 

d.feing fif)res with dyes which havii either very little or no 
affinity whatever Tor the substance of the fibi'e, as previously 
stated, it is njeessary to use another .s\d)stance with which 
it has affinity as an intoriuodiary ^gejit. In the case of the 
mineral colour.s, it has»been seen that the reaetjon which 
produces the colour is quite indeiiendent of the fibre 
sultstancc, which only acts as a containing vessel. This is 
not duiU' the case where mordants are used, as in most 
eases '.ihe fibre does itself enter into the re.action, either 
mechanically by dialysis or chcudcidly in virtue of selective 
affinity. 

In dyeing with mordants there are really three opera¬ 
tions necessary. 

1. The impregnation of the fibre with the mordant. 

2. The fixing of the mordant within the fibre, so that it 
wilt be permanently retained. 

3. The impregnation of the mordanted fibre with the 
dyV-stuff. 

The substances used as mordants must be soluble, or they 
could not enter the substance of the fibrefand also such 
that when they have undergone a process of fiijjng within 
th| fibre they will combine witti the dye, either being 
coloured by the dye-stuff or forming a coloured bof^ with it. 
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The Aiordant;? ti-ually employed lire salts of aluminium, 
chrond'.iin, iron,and a?ifm salts, which are, double 
sulphates eni'taiirng a moi®jaloinic and triatomic metal, 
acetates end 'diiocyanates, which, when treated, with 
water or steam, yidhl an insoluble liasic ii'Jt or metallic 
hyilroxide, wh'ch reni 'inS fixed within the blue. * 

In this ■.nanner alumina has a sjiecial interest in con¬ 
nection w’ith the cotton libre, because it not only possesses 
the peculiai' luoporty when in its hydrated condition of 
throwing down, and not only heightening the brilliancy of 
many vegetable and animal colouring matters, but also of 
being si'jiarated from its various compounds by the dialytic 
action of the fibre alone, and thus retaining it within the 
substance of the fibre in an insoluble condition. Upon this 
action depends the proce.ss of dyeing Turkey rod, one of 
the most stable of all colours, and for which cotton is 
particularly suited. 

Formation of Lakes.— If an aqueous solution of 
alum (K,A 1 (S 04 ) 2 ) bo taken, and an alkali added, there 
falls to the bottom of the containing vessel a copious 
w'hitc, gelatinous-looking precipitate, which is hydrate 
of alumina (Al.,0.„21l20). If the alum solution contains 
colouring matter, such as cochineal or alizarine red, the 
lirecipitate of hydrate of alumina carries this colouring 
matter down with it, and leaves the solution almost 
colourless. It does not seem that there is a chemical 
combination between the alumina and the colouring 
matter, but only as if the colloidal precipitate of tlie 
gelatinous hydrate entangled the finely divided colottring 
matter in its' fnass, in the same way that coagulated 
albumen ip blood or the white of eggs will clear the brown 
colouring matter out of concentrated solutions of sugar, m 
the proceifs of manufacture. , 
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WhcncoftiHi tibres aie«s,teepe(l in ^i|tjeou 8 solutions of 
alum, and •thou, aftof rifying, idaced ill pure w* tor, 31 
jirecipitate of the hydrate of*alumina Si hdt within the' 
subslancO of the filiro without the ))|’esenco of itii alkali. 
'I’his most pri)l?ably arises from the fact that the crystaljoid 
portion of Jh(’*\iiim liilbtsos tly'ort^h the’outor pellicle, 
actiiij' as a dialyser ijitft the surrounding water, while 
the colloid ha.s no such jioiver, or only to a feeble extent, 
and so remains hi an insoluble condition behind. Other 
pjetallic oxides particijaitc with alaniina in this property 
to a vailing extent. 

Turkey Red. —Two of these alumina lakes, produced 
by niordaiitiil^ with inouochloride of alumina and dyed 
with madder and oxychloride of tyift dyed with garancine, 
were exhaustively treated by AValter Crum, in* his paper 
al|;eady mentioned, “On the manner in which Cotten unites 
with Colouring Matter.” 

Ii speaking, of the former Crum says: “Many of 
these fibres seem as if a thin film of alumina had originally 
been deposited within them over their whole length and 
breadth, and in all of them there is evidence of the deposit 
having shrunk to a great extent in both directions in the 
process of drying. It is remarkable that the alumina 
should adhere so slightly to the membrane which contains 
it •as thus to shift without difficulty from one part to 
another in the act of shrinking. The same remark applies 
to the clots found in the centre of full-grown cotton, 
whether the mordant of iron or alumina be applied from 
an acetic solution, or, as in the case before us, a basic 
solution.” 

These appearances will bo distinctly seen <n Fig. 
which-represents a number of these fibres magnified 240 
diameterst and which were sketched from the original 
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slides prepiinpl lij Jvrani, tnd M’liich were fof some time 
in the possession Vf the author.* ‘ ' 

' In the kiurip)' fibre many pans arc quite uncolinred Iiy 
the dye,‘While *10 tlie unrijic pellucid fibre the ooleurinj; 
matter i.s confined to a thin layer which, 'liy the act of 
shrinking, has Ifecomc Svparated into distinct flakes, ifetachcd 
from each other and distributed jrregularly. The fufly 
dyed fibre shows the accumulation of the colouring ijiatter 
within the cellulose walls. < 

Fig. 79, also sketched from C’riKn’s sections and magni¬ 
fied H.K) diameters, shows the distribution ^of thecSlouring 
matter in the lateral diroetion, some of the fibres being 
hardly coloured at all, while othens have the'dye collected 
in the foi'm of a mifas 'or tint within the tube. The 
diffusion alid distribution of the dy^e within the cellulose 
layers is.also distinctly seen, and in some instances reveals 
' a distinct appearance of lamination. 

One of the fully ripe fibres shows the appearance of an 
uncoloured outer pellicle, while the interior is well,dyed 
through to the centre. By previous bleaching of this fibre 
the <)uantity of alumina which it can receive is much 
diminished, but enough is admitted to enable it to form a 
beautiful microscoync object. 

In all cases the coll remains beautifully colourless and 
crystalline, enclosing its flakes of carmine ; and the variety 
in the distribution of these flakes is infinite. 

Effect of Bleaching on Mordants.— The effect of 
bleaching in diminishing the power of cotton receive 
mordants is to he attributed to the boiling in weak 
solutions of quicklime and carbonate of .sqda to which the 
jjotton is sifiijected, and ijot to hypochlorite of lime, which 
is very sparingly used in the pivicess of bleaching, nor to 
sulphuric acid, which docs not affect the mordanting. 





Kio. 78. —Cotton FiR»M! dywl with ol Aluiihni* ftucl MailiU-r 
X ‘240 diuiiieterfi. 


A, Koiii{»y fibm. 

B. Uuripft.iH>UucJ<l flbro. 


C. Fully npi* libr*‘. 
1) ami E. Partially dyed fibres. 



FiQ. 7^—Sections of Cotton Fibres tlyed with Lake oPAlnmina and 
Madder, exhibiting various <legrees of Colour acquired by the h*ibre. 

X 250 diameters. * ^ 
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HypocMoritos in cxccjps 01*011 ttio^jioTes and laminio of 
ripe ViftoB fibres, ai»l Uy Sijabling Ihent to iulmilfmore of 
the mwlaiit greatly inr,rease»thc intensfCy <rf the dye. 

'Ijie.comparison of tjie fibres shown fn tljes* two last 
figures with “those previously shown *11 this chapter, which 
exhibi! the appearance, when .s 8 ei»»by reflnctod and trans¬ 
mitted light and also in section, of fibres dyed with direct 
dyes, is very instructive, and especially the difiusion and 
jieiietration of the dye in the sections. 

^ The process of dy<‘iug Turkey I'ed is o.ssentially the 
formaflon within the fibre of a new and more receptive 
and reflective surface, which js an aluminous base dyed 
with an alizinine red, and it seems also that for its perfect 
jirod action fatty acids are essential, which are usually 
supplied in the form^f olive oi' castor oil whidli has been 
treated with sulphuric acid until the [iroduct ij entirely 
soluble in water; The excess of acid is then removed by* 
wai.bing in a solution of sodium chloride, and the residnal 
aci(l,,ieutrali.sed with soda or ammonia. Acid soaps made 
bj' treating a dissolved .soap with just sufficient acid to 
prevent separation of the fatty acids may also be used in 
plac,, of the special Turkey red oil. 

The fibre to be dyed is impregnated with the prcjiared 
oil and then dried so as to fix it within the fibre before 
t|je cotton is immersed in the aluminium salt 

Stork and Coninck {lliiU. Sac. hid. de Ilmen, 1887, p. 
144) assert that the action of light is an important factor 
ni the c*rrecV formation of these fatty acids, and hence in 
the old process of Turkey red dyeing the hanks of yarn 
were always siyi-dried. The active prinSple in all these 
soluble oils appears to be ridnolcic acid, which is ajj 
l*ydroxy-oleic acid (C,-Hj,,(OH)CO.jH). 

Artificial Surfaces. —The possible produelion of an 
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artificial'surface'w,-thin t}»e meshes of the fibre is an 
in1portii.1t matter, find ilebcrvcs .serious co.nsiilelation, 
^because, if a mcWioil can l»i found by mctins of which 
this can. b'l acromplished at such a price as will pay 
commercially, and fn such a manner th.it it will be 
continuous and not ditcuptive, and will not shrink during 
the process of di'ving, it triay lie .possilile to produce mdre 
brilliant and permanent colours than have yet been 
attained. , 

To a certain extent this is bcipg done in cloth when 
dyed in the piece, although not by producing"a new 
•surface within the filire, but by forming a* new surface on 
the combined fibres as associated and in situ.ui the woven 
piece by the hydrolysing a.ctiop of alkaline solutions, similar 
to mercerising, which produces a> 'surface of hydrated 
cellulose, which is much more receptive to dyes than the 
‘ ordinary surface. It need not be pointed out that in all 
cases the cotton must be thoroughly cleansed from all 
size and other foreign material. 

In the same way, by the production of a viscose surface 
upon the cloth, which gives each fibre a smoother and 
more lustrous surface, the regularity in the distribution 
of the colouring matter may he greatly increased, and at 
the same time a much stronger and firmer fabric produced. 

Natural Colour in Cotton.— Mention must also be 
made of the occurrence of natural colouring matter in 
cotton, which in some cases is sufficiently marked to enable 
the natural fibre to be used without dyeing, in tWb 
obtaining of ecru effects, and the depth of colour is 
materially increased by exposure to diffuse light, while it 
is often bUached and becomes lighter when exposed to 
direct sunlight when the cotton is dry. It is also deepen^ 
by steamifig, as will be known by all doublers w^o steam 



XIV 


439 


KEiArmNtro 1 \e j^vi^inc ekjcess 

the single yuiTi, to take.O’il the ciiri, Before hling used 
oilher«on tic twiiiors,<)i'i«iihifs. 

In same cases, where the di» ker shader's dfeadvantageousf 
the 9 r)ttoii cops are soaked in water ai4d leit.to drain, 
without thc’iJse of steam, immediately before doubling, 
and wlTere,^.is«p the case of wclfdssbling, which is usually 
employed, no disiolvantage accrues, as the yarn simply 
tiike^ up less moisture from the troughs or damp cloths, 
and is equally d*y when the process is finished. 

This colouring iiiatVa', althougli,it is found in Brazilian 
and Sduth American cottons to a small extent, and more 
in some years tfian in others, is juost noticeable in Egyptian 
cotton, spcckdly in the indigenous variety, where the 
endoidiromc gives a dark ijjddish-krown or golden colour 
to rhe dbre. This* 4s probably a reversion,* as it has 
already been pointed out that all wild cottons .have the 
fibre more or less* coloured by a reddish endochrome, which,* 
hov. I'VCf, itsuajjy disappears under cultivation. 

'IJiis colouring matter is not evenly distributed through 
the fibre, but occurs most frequently towards the upper 
end, wheie it has been most exposed to the action of light, 
and also is unevenly distributed in the boll. 

This deepening of shade, when the fibre is rii>ening, is 
the reverse of the bleaching action when it is plucked and 
tlje vital activity of the cell protoplasm has ceased, but at 
the end of the fibres, whore they taper off, and the cell 
cavity is entirely filled up and the point becomes solid, 
fhe bleaihing action occurs just the same as in the dry 
cotton. 

This colouring matter, when exanilned under the 
microscope, is found not only in^ the interior of the lumen, 
where, however, it is usually most distinct, but is also 
a8sociat|d with the cellulose layers which*form the 
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tliickiioss of the wall.*. With nioderato'powers this 
colouriJlft matter^ which iS(CViiiently organic* because it 
'does not react witii any rea|,'eiit, iti the majority of eases 
seems eteidy distrihntcd tliroiigh the ])arts whicli are 
colopred, although these parts or regions df'the tihre; arc 
themselves uifevenly'distributed. In a‘few cases the 
author was’able to discover' evidepee of discontinuity in 
some fibres, and specially in the colouring matter i’l the 
pith of the fibre, where the cell-contents 'vci'c most active. 
It is often nece.ssary to-blcach this -.-olouring matter out qf 
the fibres bofoi'c they can be made .sufficiently co'iourless 
to r'oecive the lighter shadv.sof fancy colours. 

When Egy])tian and Amei'ican yarns arh jdacod side 
by side this ditl'ercn* .rtf celoui' is very striking, and 
usually foi^ns a ready means of distihguishing them. 

Wheivi the cotton fibre has been perfectly )iurified fi'oni 
the various materials which arc associated with it, such 
as the waxes and oils, and unchanged ?ell-coutents, it 
beconres ver'y receptive to any foreign matter with vdtich 
it may come into contact, and if perfect dyeing is to be 
attained, it is itccessary to exercise every care, so that 
nothing will irrterfere with the free action of the outer 
pellicle and containing layers as dialysers. 

Extraneous Hindrances to Dyeing. —AVhilo the 
structure of the fibres themselves, and their chemical 
constituents, often interfere with the dyeing of cotton, 
there are undoubtedly many other imperfectiorrs in 
manufactured goods which are not the rcstdt«of these 
causes, and it may trot be unirrterestirrg to notice some 
points where difiiculties have arisen. 

^ The author was on one,occasion called in to look at some 
pieces wdtich had taken the dye very irregularly. Tke 
pieces harf been woven in the grey and cross-dyd after- 
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wiirds. Fift' many iiichas in* snme .Jil^cos in particular 
threails, ami sometimes }|fmi4re than onc^ thread, tl!crol(jnr 
seemed*hardly to have tahen*in the wai^i. 

The'dyer and finisher were of^opiifion .tlftt it was 
either mixed ’cotton, such as Egyptian and Americaji, or 
that someyiiii^ .vas associated wiri» the cdtton, as it was 
ijuite impossihle to ge^ it even. When tlic threads were 
exan^ned iimler the microscope small |)articles or masses 
of a waxy snh»tance wore found on the surface of the 
^lefective fibres, and ‘it was thun di.scovered that, in 
conseiiuence of^tho want of strength in the warp, which 
was a twofold with very slacli twist, a wax roller had 
been used, ov*er which the war[i passed, .so as to give greater 
tonsil.' strength. The sam*i witrp# when woven without 
the roller lOok the tl^e jierfectly. Clotton-seetf oil, which 
is^ derived from the seed being broken up in th* jirocess 
of manufacture, aiid which is present in more or less degree 
in all uncomb(j(l yarns, frequently becomes attached to the 
surfiiic and soaks into the thread. The oil which exudes 
from these portions of seed penetrates into the adjacent 
fibres, and pos.sessoa great difl'usive power, especially in the 
new Clop cotton, where the seed oil is uninspissated and 
more limpid than later on. This dili'usive power is greatly 
aggravated when subjected to heat, such as the hot rollem 
in, finishing, which frequently causes the oil to extend to 
a considerable di.stancc all round the bit of seed, even 
impregnating the adjacent threads. In Egyptian cotton 
and othc* vanieties where there is at the pointed end of 
the seed a growth of short, thick, and solid fibres, which 
cannot be removed by ginning, and which tliemselves exude 
a gum, as will be seen by refereijce to Fig. 41 , •attached t<^ 
tlie sides of the ^fibres, these are frequently mixei^ with the 
longer filircs, and ale a cause of great annoyance. The dye 
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in these fibres is oiiV^ (lejwitod pn the surface'as the seed 
oil witlfin iirovetits the dye ijcfieteathig inward, and the 
'nnishing ))ro(Siss*®wlien tlief piece is calendered ,or hot- 
pressed, thtv surface of these snialli fuzzy fibres is disturbed, 
and,the portion of undye<l fibre beneath preScftits a marked 
contrast to thc'more cemiJictely dyed thn^ad. 

Whenever light shades are tu be dyed it is uuportafil-, 
with carded Kgyptian yarn, that great care should b^ used 
in the clearing of the yarn, so as to completely remove all 
traces of these broken,seeds or sh^rt adherent fibres from 
the thread, or they are sure to cause iinperfectioiii. The 
author remembers seeing a, piece of cloth which was spotted 
all over the light surface with more or less dark spots, and 
when examined under t^ic microscope he found a small speck 
of seed iii^ihe centre of each, out oP'^'hich a drpof oil had 
been scpieezed by the pressure of the hot finishing rollers^. 

On this account the importance of the ginning jirocess 
cannot be over-estimated, because unless tjie separation of 
the fibre from the seed is as complete as possibly any 
portions of seed, either by themselves or associated with 
the short fuzzy hairs, are carried along with the lint and 
are broken up in the scutching or carding into pieces too 
small to be removed, except by combing, and those pass 
forward into the yarn. 

On another occasion when small spots or defeats 
ap|)earcd on the surface of a cloth, it was found that cinder 
dust from a mortar-grinding mill was blown in at open 
windows, and that it settled and got fixed iij the,meshes 5 f 
the cloth. One of these small cinders formed the nucleus 
of each defect, W could be clearly seen under the micro¬ 
scope, and the iron and other salts dissolved from the cinder, 
when wet and exposed to the air, caused the dark sp^s 
and stains forming the defect. 
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Purity in Size. —In sinf;le,wai'i)s^wiilch reqniie sizing 
in orcfei'*toincrease in weaving, the ooinfosilion 

of the s^ing material is an important matter,‘and espcciallj’* 
when.the weft has to hc,il3’C(l after the jiKco iij^wven, for 
altliongh, in •the union trade, where'tlie weft is w'orsted 
or woolten, hei^y sizing in the ^oais docs'not pertain so 
I mftch as in ail cotton ^g4)od.s, still it does exist to some 
extenj. The size must always he perfectly removed from 
the warp before tlie weft is dyed, and it not unfretiuently 
happens that where stioli a sidt as jiinc chloride h.as been 
used a# an ingredionl in the size, this can never be 
entirely removed, and will act aji a mordant. 'J'he author 
has frequently seen coloured stivins produced by the action 
of fon ign substances upon tlie matciial of the size and then 
fixed into the substaflSe of the fibre itself, as '\^^!ll as the 
production of mildew, which arises from microscopic fungus 
growths which feed upon the substance of the size. ' 

iBcpoitanc^ of Clean Apparatus.— The utmost im- 
portaji'v attaches to the perfect cleansing of the various 
vessels and machines used in dyeing and finishing, before 
being used for different dyes and different classes of goods, 
and undoubtedly many mysteriotis imperfections may lie 
traced to the neglect of these precautions and to a variation 
in the <iuality of the water used in the process. Even 
volatile substances which may be conveyed in the steam 
used for dyeing purposes, and which may arise from 
impurities in the water pumped into the boiler or from the 
ule of anti-eruption boiler compositions, have been known 
to cause trouble in dyeing, bleaching, and finishing. Tlie 
author’s attention was called, some time ag* to some pieces 
where the surface was strangely marked with uneven 
shades in the finished goods, which defects were not 
visible tiJJ the fast process was complete. This process 
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consisted in sulljcying tl«e goods to hydniftlic pressure 
lietwe^i hot ii'oif plates witl) miH-bwvrds between* tAe folds 
'of the cloth.’ TCese board? had been used bcfoso with a 
cloth wlricA was either imperfectly cleared, after dytyng, or 
sonje portion of the dye lia<l been taken inflA-he surface of 
the mill-board'and trsnsferred to the face fflf the new cloth, 
SO as to discharge, under the aetipn of the heat, a jiortion* 
of the dye, and thus produce the mottled appearanci^ 

^\’hen now boards were substituted th» samegootbs came 
up ijuite perfect, altbougb nothkig was present on the, 
surface of the old boards in sufficient quantity to be 
detected by the eye, or oven by the ordinary processes of 
chemical analysis. Even the presence of volatile sub¬ 
stances, such as crdafjolc, carbolic acid, ammonia, or 
chlorine fn the atmosphere, has be'eli knoivn to affect the 
dyeing <o£ yams which had been stored in the bundle or 
warp in the same room in which these materials were 
present. This re.sult might almost be ipiticipated, from 
the great power wdiich cotton possesses of absorbing,gases. 

Variation arising from Different Cottons. —The 
variation in the colour of cotton from year to year, or oven 
of different mixings, when sufficient care has not been 
taken to match for colour, often affects the evenness of the 
dyeing. This is usually, however, visible in the grey, and 
can then be removed by bleaching before dyeing. Apart 
from this, cottons of different qualities and varieties vary , 
in their power to receive full and even colours, and this 
also e.xteuds to the same kind of cotton grown in different 
years, and which depends upon the climatic conditions 
which prevail from year to year. ^ 

Effects of Strippipg in Cross-Dyeing.— There is 
always more difficulty in preventing defects and in getting 
an even surface in dyeing when godds arc cross-dyed, 
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because the*])rocess of dypiiig^lie Jiml especially in 
Htiion'gowls, has a niarWfi ’eB'ect upon the coloul* of the 
warp, a»(l it is not possible Id allow corJidettily for this in* 
the 0|iig«iai dyeing of th« warp. Tins autitor ij»cffutly saw 
a number of 5 iifmples of the fastest ciSours which coul^ bo 
dyed upoti cotton, and which hall 4 »!en paired along with 
I soijie pieces thi-ongh the^ctoss-dyeing jwoeesa, and was much 
stnu'1% with the apiiearaiice as compared with the original 
sainpilcs. • 

^ The snitid)ility of \'iirious dyes to go together, so as to 
enable tross-dyeing to be carried out successhdly, without 
injury to the warp, with various fibres, such as wool, silk, 
cotton ramie,mnd other bast fibres, is a matter of very great 
impoi'tance, and specially since tip;"introduction of direct 
dye.s, and't may be ififerostiTig to note that in tlfc research 
laboratory of one of the largest dyeing associations in this 
country very extensive researches are now being made in 
this di.'eciioD, i\pd yielding im]>ortant re-snlts. 

Dyeing and Cotton in Different Years.— It would 
be impo.ssible to mention all the causes which lead to 
imperfection in dyoii.g, which, quite apart from the dye¬ 
stuff itself and its manipulation, interfere with the proper 
reception of the dye by the fibre, and it can only bo 
possildc to attain perfection in this department by careful 
de^il in every particular condition and operation upon 
which it depends. It has already been noticed that varia¬ 
tion occurs in the cotton grown in dift'orent years, arising 
from the condition of the fibre mechanically and in regard 
to structure, as a conse(iueneo of more or less maturity in 
the development, of the average fihi'e.s, and this must be 
taken into account at the beginning of each se^on by the, 
djtor in the same way that the spinner has to vary his 
mfxings, Jiy a fresti selection of standard samples, if ho is 
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to keeji the ijuiit.t\*,of th<ir> j'arw iiei'feclly regular. The 
aJvancS which cFieniical science* haa"made dui»ng *hc last 
cwo decades, and^es])ecially*in regard to the sub»titutioii 
of artiticiat. for 'natural dyes, wlircli enables a far greater 
comjnand to he obtained over the products'tPian formerly, 
gives promise of still feA'lfier advance. 

Even yet the threshold of eiy knowleilge respecting 
the means w'hich may he ultimately employed seems rf.o he 
hardly passed, and there is a wide field open for research 
into a means of increasing the strodgth and smoothness (^f 
the fibres of the vai'ions raw materials, so as to reud'Or them 
bettor fitted for textile ptirpo.ses. This has already been 
accomplished to a certain extent as a result tif the changes 
which cellulose undei'gge!? mvdor the action of reagents, 
and the ease with which its molccnli'ir constitution may he 
restored*to its original condition. 

Many of the forecasts which were made by the author 
in his work on the cotton fibre which was jvritten twenty- 
live years ago, and especially those in regard t^i the 
importance of the mercerising process and the production 
of direct dyeis, have already been accomplished, but the 
remarks with which the volume was concluded are as true 
to-day as they w'crc then, and no apology is therefore 
needed for their insertion here. 

A careful examination of almost any dyed yarn reveals 
how superficial after all are the best dyeing processes, the 
untwisted fibres e.xhibiting in many places a complete want 
uf colour. Even in Turkey rod, where the proceos is most 
severe and prolonged, the ilycing material is to a marked 
extent close to the surface, and even a vpry slight curl in 
the yarn jirevents the thread from receiving the dye in 
many parts. ^ e, 

This IS a very important matter, shice it shows hiJw 



